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<§> Carboxyalkyt dlpeptfdes, processes for their production and pharmaceutical compositions containing them. 



@ The compounds of the present invention are com- 
pounds of the formula 

OH 



CO R* 
R 4 ^H 3 -<>^H-CH-C-N 

i s 




C-COOH 



<and the pharmaceutical^ acceptable esters and salts there- 
of wherein R 1 and R» independently are hydrogen or lower 
alky!; 
O the group 

10 

o 

CO 

CO in 



-N C- is one of the structures II to VIII specified 



^ ... th description, n of R\ R« and R» I a group 

W Z-fCH,)^, wh rein 2 Is s lected from V to Z t0 being as 

q defined in the description and the other of the groups R' t R 4 

and R f are as also defined. The compounds are useful as 

_ antihypertensive agents. In the treatment of congestive 

ffj heart failure and glaucoma. Th Ir preparation and phar- 

III maceutical compositl ns are disclosed. 
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Carboxyalkyl dipeptides, processes for their production 
and pharmaceutical compositions containing them* 

The present invention relates to carboxyalkyl dipeptides 
substituted with groups containing one sulfamoyl group. 
The compounds are useful as antihypertensive agents, in 
the treatment of congestive heart failure and glaucoma. 

Carboxyalkyl dipeptides which are useful as inhibitors 
of angxotensinconverting enzyme and as antihypertensive 
agents are known from the published European patent 
applications Nos. 12401 and 50800. 

The compounds of the present invention are compounds of 
the formula 




0088350 

and th pharmaceutical^ acceptable esters ther of and 
the pharmaceutical^ acceptable salts of the free com- 
pounds and the esters, wherein 
1 2 

R and R independently are hydrogen or lower alkyl; 
the group -N - O is one of the structures H to vm 



— N C — 




HI 




— N C— 



TV 
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VI 



— N 




VII 



(wherein B is a saturated or aromatic ring) or 




— N C— 



vm 



3 4 5 

one ofR,R and R is a group 2-(CH 2 ) 0 _ 6 -, wherein Z 
has one of the following values Z 1 to Z 10 
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R 11 HNSO 



.8 



r 1:l hnso 





12 



IX 



>12 



0 2 — N — 



R 11 HNSO 




, — NR 



12 



XI 



11 

R HNSO, 



b h x:h- — s — 



xn 



R U HNSO 




r 1:l hnso 



2 0. 




R 



8 E 



N — 



JO 



xm 
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wher in R is CI or CF^; 
6 

R is hydrogen or halogen; 

R 7 is hydrogen, halogen, carboxy, hydroxy or amino; 
9 10 

R and R are independently hydrogen, lower alkyl or halo- 
lower alkyl and R can also be phenyl or phenyl lower 



alkyl; 



R 11 is hydrogen or lower alkyl; 
12 

R is hydrogen/ lower alkyl or phenyl lower alkyl; 

whereby when R 3 is the group Z-(CE 2 ) 0 _g-, then 

R 3 is Z 1 -^)^-, Z 2 -(CH 2 ) 1-6 -, Z 3 -(CH 2 ) 1-6 - f 

Z 4 -CH 2 - f Z^CHj)^-, Z 6 -(CE 2 )^ r , Z 7 -(CH 2)l _ r , 
Z B - (CE 2 ) , Z 9 -^)^-, or Z 10 -^)^-, 

R is lower alkyl, benzyl, benzyloxy, benzylthio, phenoxy, 



■K 



.5 



or phenylthio, fi^(^ 
R 5 is hydrogen; and the group -K - C- is one of the structures H to 

vni; y 

and when R 4 is the group Z-(CE 2 ) 0 _ g -, then 

R 4 is Z^CB,)^-, Z 2 -(CH 2 ) 0 . r , 2 3 -(CH 2 ) 0 . r , 

z4 - (CH 2) 0 -6-' zK < C *2h-S'> z6 -< CH 2>0-6-' Z? - (CH 2>0-6^ 

z8 -< CH 2>0-6-' Z *- (CE 2 } 0-6" °r Z 10 -(CE 2 ) 0 . r and 

R 3 is hydrogen, lower alkyl or amino lower alkyl and 

R is hydrogen; and the group -N - C- is one of the structures H to 
VIH; ' 
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and when R 5 is the group S-tCH^^-, then R 5 is Z 1 , Z 2 , 

z 3 , Z 4 , Z 5 , z 6 , z 7 , Z 8 , Z 9 or Z 10 , 

R 3 is hydrogen, lower alkyl or amino lower alkyl and 

R is lower alkyl, benzyl, benzylaxy, benzylthio, phenoxy or phenyl- 



10 
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thio; and /TS^-R 

the group -N - C- is one of the structures H to VH. 
I 

One embodiment of the present invention comprises com- 
pounds of formula I, its esters and salts f wherein R 4 is 
the group Z ~(CH 2 ) 0 _ 6 -. Among these compounds certain 
groups of compounds are preferred: 
. ) compounds, wherein the group 

-N - C- is the group of formula n, IV (wherein B is a 
saturated ring) or VHX, preferably R 5 being hydrogen; 
.) compounds, wherein R 4 is Z-(CH 2 ) 0 _ g -, z being Z 1 , Z 2 , 
Z 3 , Z 5 r Z 7 , Z 8 , Z 9 or Z 10 ; 
• .) compounds, wherein R 4 is Z^ICH-)- 

Z 7 - ,CBj ' 2 « J'' i3 - ,CH 2>2 or 3-' ^-<CH 2 ) 2 „ 3-, 

z7 - (CB :' 2 or 3-' * 8 -<=-Vj or 3"' « , -«« a »a or 3" ° r 

15 2 10 -(CB 2 ) 2 ot 3 -, 

.) compounds, wherein R 4 is Z 4 ; 

.) compounds, wherein R and R are hydrogen; 

.) compounds, wherein R 6 is hydrogen and R 7 is hydrogen 

or hydroxy; 

20 .) compounds, wherein R 9 and R 10 are independently 

hydrogen or methyl; 

.) compounds, wherein R is chloro; 

.) compounds, wherein R 3 is methyl; 

.) compounds, wherein R and R are ind pendently 
25 hydrogen or lower alkyl (preferably hydrogen) , th group 
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-N - C- is th group of formula II r IV, wherein B is a 
saturated ring and R 5 is hydrogen, R 4 is Z 1 -(CH 2 ) 3 -, 
Z 2 -(CH 2 ) 3 - or Z 4 , R 6 and R 7 are hydrogen *ndR 8 is chloro; and 
R is hydrogen> lower-, alkyl or amino lower altyl (preferably methyl) ; 

- ) of particular interest are compounds, wherein R 1 and 
R 2 are hydrogen, the group 

-N - C- is the group of formula IV wherein B is a 

saturated ring, and R 5 is hydrogen, R 4 is Z^fCH,),- or 

2 g 7 23 

Z -(CH 2 ) 3 -, wherein R is hydrogen, R is hydrogen or 

hydroxy, and R 8 is chloro, and R 3 is methyl, preferably 

in the form of its mono-or-di-ethyl ester. Also the: 

analogous compounds, wherein the group 



r i 

-N - C- is -N - C- or -N - r. 



is -N - c- or -N - c- are preferred. 
' I I 

Another embodiment of the present invention comprises 

compounds of formula I, its esters and salts, wherein 
3 

R is the group Z-(CH 2 ) 0 _ 6 -. Among these compounds the 

following groups of compounds are preferred: 
. ) compounds , wherein the group 

-N - C- is the group of formula II, iv (wherein B is a 
saturated ring) or VIII; 
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3 ... .1 . .2 



.) compounds, wherein R is Z -(CH,),-, Z -(CH.).-, 
Z 3 -(CH 2 ) 4 - ; Z 4 -CH 2 -, Z?-(CH 2 ) 4 - f Z 6 -(CE 2 ) 4 -, Z 7 -^)^, 

Z 8 -{CH 2 ) 4 -, Z 9 -(CH 2 ) 4 - or Z 10 -(CH 2 ) 4 -; 

1 2 

.) compounds, wherein R : and R are hydrogen; 

. ) compounds* wherein R 6 is hydrogen and R 7 is hydrogen 

or hydroxy; 

. ) compounds, wherein R and R are independently 

hydrogen or methyl; 

.) compounds, wherein R is chloro; 

• ) compounds, wherein R 4 is benzyl or ethyl; 

1 2 

. ) compounds, wherein R and R are independently hydrogen 
or lower alkyl (preferably hydrogen) , the group 

-N - C- is the group of formula H or IV, wherein B is a 
saturated ring, and R 5 is hydrogen, R 3 is Z 1 -(CH 2 ) 4 » r 
Z -(CH 2 ) 4 - or Z -CH 2 -, R and R are hydrogen and R 8 is 
chloro and R 4 is ch 2 — (S)^— wherein m is zero or 



. ) of particular interest are compounds, wherein R 1 and 
R 2 are hydrogen, the group 

-N - C- is the group of formula IV, wherein B is a satu- 
rated ring and R 5 is hydrogen, R 3 is Z 1 -(CH 2 ) 4 ~ or 

2 6 7 

Z -(CE 2 ) 4 -, wherein R and R are hydrogen, R 8 is chloro; 

4 

and R is benzyl, preferably in the form of its mono-or- 
di-ethyl ster. Als the analogous compounds, wherein 
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s. s 



the group -N - C- is -N - C- or -N - C- axe preferred. 

Another embodiment of the present invention comprises com- 
pounds of formula I , its esters and salts , wherein R 5 is 
the group Zr (CHj) . Among these compounds the 
5 following groups of compounds are preferred: 
. ) compounds , wherein the group 

-N - C- is the group of H, VI (wherein B is an aromatic 

i 

ring), or IV (wherein £ is a saturated ring) ; 
. ) compounds , wherein the group 

Z Z 




5 1235789 
.) compounds, wherein R isZ,Z,Z,Z,Z,Z,Z 

or Z ; 

.) compounds, wherein R^" and R^ are hydrogen; 
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. ) compounds , wher in R 6 is hydrogen and E 7 is hydrogen 
or hydroxy; 

.) compounds, wherein R 9 and R 10 are independently 
hydrogen or methyl; 

. ) compounds, wherein R is chloro; 

\ - 3 

• / compounds , wherein R is methyl ; 

.) compounds, wherein R is benzyl or ethyl; 

.) compounds, wherein R 1 and R 2 are independently 

hydrogen or lower alkyl, the group 



I \ 

" N • ^" ls the ?roup of formula m, IV, v, vx or VU, 
R 4 is f (S) — , 



5 



, _ ' wherein a is zero or 1 and R 

is 2- or 2 2 , wherein R 6 and R 7 are hydrogen and R 8 is 
chloro, and R is hydrogen or lower alkyl (preferably methyl) . 

The lower alkyl croups., except .where noted otherwise, 
include straight and branched chain hydrocarbon radicals 
from one to six carbon atoms, for example, methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl, 
isopentyl, hexyl, oycloprcpyl, cyclohexyl and the like.- 

The compounds of this invention form esters, in these 
esters the hydroxy group of the carboxy groups shown in 
formula I can be replaced by the same or by different 
groups which are selected from alkoxy having from 1 to 8 
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carbon atoms, phenoxy, ph nylalkyloxy having from 7 to 10 
carbon atoms, -0CH 2 0C0-alkyl having from 3 to 8 carbon 
atoms, -OCH 2 CO-phenyl , -0(CH 2 ) k -0- phenyl wherein k is 1 
or 2 and the phenyl ring may be substituted by halogen, 
hydroxy, trifluoifiethyl, alkoxy having from 1 to 6 
carbon Atoms, alkyl having from 1 to 6 carbon atoms 
(the phenyl group preferably containing one substituent) 
and -0(CH 2 ) k -o-napthyl wherein k is 1 or 2. 

Preferred are alkyl esters (the alkyl group being 
defined as above) and aryl esters, especially the ethyl 
and benzyl esters. Of particular interest are the mono- 
esters, wherein the carboxy group attached to the group 

-N - C- is in the free form. 



The compounds of this invention form salts with various 
inorganic and organic acids and bases which are also 
within the scope of the invention. Such salts include 
ammonium salts, alkali metal salts like sodium and potas- 
sium salts (which are preferred) , alkaline earth metal 
salts like the calcium and magnesium salts, salts with 
organic bases e.g., cicyclohexylamine salts, N-raethyl-D- 
glucamin , salts with amino acids like arginine, lysine 
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10 and the like. Also, salts vith organic and inorganic acids may 
be prepared, e.g., HCi, HBr, E^, E^, insthanesulfonic acid, 
toiuensulfonic acid, maleic acid, fumaric acid and canphcrsulfanic 
acid, Tne non-toxic physiologically acceptable salts are preferred, 
although other salts are also useful, e.g., i* isolating of purifying 

15 the product. 

This invention includes all possible stereoisomers of the 
compounds. Preferred stereoisomers are those in which 
the absolute configurations at each of the three carbon 
atoms bonded to both a nitrogen and a oarbonyl group 
corresponds most closely to the absolute configuration 
of L-aminoaoids. The preferred compounds contain a cis, 
syn-octahydro-lH-indole-acsj-carboxylic acid moiety or a 

l,4-dithia-7-a 2a spiro[4.4]nonane-8(S).o a rboxylic acid 
moiety. 

Non limiting examples of preferred compounds of the pre- 
sent invention are: 

l-^N- [1 (S) -ethoxycarbonyl-5- U-chloro-3-sulf amoyl) - 
benzenesulf pnaminopentyl] - (S) -alanyl j-cis , syn- 
octahydro-lB-indole-2 (S)-carboxylic acid, 

tl (S) -ethoxycarbonyl-5- (4-chloro-3-sulf amoyl) - 
5 benzamidopentyl] - (S) -alanylj-cis , sya-octahydro-lB- 
indol -2(S)-carboxylic acid, 
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[1 (S) -ethoxycarbonyl-5- (<-chloro-2jhydroxy- 
5-sulf arooyl) -benzamidopentyl) - (S) -alanyl J- cis , syn - 
• octahydro-lE-indole-2 (S)-carboxylic acid, 

10 1-Jno- ri (s) -etboxycarbonyl-3-phenylpropyl] -Ne- [ (4- 
chloro-3-sulfa»oyl)benzenesul£onyl)- (S)-lysylJ-- 
cis , svn-octahydro-lH-indole-2 (S) -carboxylic acid , 

1-^a- [1 (S) -ethoxycarbonyl-3-phenylpropyl] -Nc- [ (4- 
chloro-3-sulfanioy) benzoyl] - (S) -lysylj- cis , svn- 
15 octabydro- IE- indole-2 (S) -carboxylic acid, 

7- (4-chloro-3-suif amoylbenzamido) f 1 (S) - 
ethoxycarbonyl-3-phenylpropyl) - (S) -alanylj- 
l,2,3,4-tetrahydroisoquinoline-3 (S) -carooxy^xo doiu, 

PHENYL] =«BO^ )AMI110)pEmL) . (s) . ; ^^ S ™*> 
1H- 1ND0LE . 2 (8 , -c^o^^ i CK ' ^"OCTAHYDRO- 
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1- IN- [1 (S) -ETHOXYCAKBONYL-5 [ [ (4-CHLORO-2-AMINO-5- 
SULFAMYLPHENYL) -CARBONYL] AMINO] PENTYL ] - (S ) ALANYL] -CIS , SYN- 
OCTAHYDRO-1H-INDOLE-2 (S) CARBOXYLIC ACID 

1- {N- [1 ( S ) -ethoxycarbonyl-5- [7-chloro-4-oxo-6-sulf amyl- 

2- phenyl-l f 2,3,4-tetrahydro guinazolin-3-yl]pentyl]- (s)- 
alanyl}-cis rS yn-octahydro-l^-indole-2(S) carboxylic acid 



free 

or the corresponding to* acids or esters, respectively. 



The compounds of the present invention can be produced by 
one or more of the methods and subroutes depicted in the 
following equations. Reactive groups not involved in the 
reactions described below such as amino and carboxy groups 
may be protected by methods standard in peptide chemistry 
prior to the coupling reactions and subsequently depro- 
tected to obtain the desired products. Racemates, if 
obtained by these processes, can be resolved by standard 
techniques such as column chromatography or fractional 
crystallization. 
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A. For the pr paration of compounds of formula I, wherein 
R 1 is hydrogen a ketocompound ( m ) is- condensed with a 
dipeptide ( xx ) under reduction.. 



IfO R 3 ^SK 
R -CH 2 -C = 0 + H 2 N-CH-C-K - C-COPr I 

° i 2 

XIX XX 

2 3 4 c 

5 In these compounds A, R , R ,.r and R 3 are as defined above 
and Pr stands for a free or a protected (e.g. by esterification) 
hydroxy group. 

The ketocompound ( XK ) can be condensed with the dipeptide 
( XX ) in aqueous solution, optimally near neutrality, or 

10 in a suitable organic solvent (for example CH 3 OH) in the 
presence of a reducing agent such as for example sodium 
cyanoborohydride to give directly the desired compound I 
(wherein R is hydrogen). Alternatively, the intermediat 
Schiff base, enamine, or aminol may be catalytically reduced 

15 to yield product I, for example, by hydrogen in the presence 
of palladium on carbon (e.g. 10% palladium on carbon) or of 
Raney nickel. The ratio of diasteriomeric products formed 
may be altered by the choice of catalyst. 



B. Alkylation of a dipeptide ( XX ) by means of a cccpound 
20 of formula (XXI ) 
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?r 

o r 3 nK 



I 



R -CH--C-X + H-N-CE-C-N - C-COPr 

z 1 2 II I 

.2 



XXI XX 



wherein X is chioro, brono, lodo, alkanesulfanyloxy or ;arenesulfonyl- 
oxy r R 1 , R 2 , R 3 , R 4 , R^ are as defined above for r*r n »-» n nrt5 Q f frirmyi a 
I and Pr stands for a free or protected (e.g. by esterification) hy- 
5 draxy group. The reaction can be carried out under basic conditions 
in water or in an organic solvent. 



C. Condensation of an aminoacid (XXH) with an Mrtnoacifl (XXHI) 



R -CH--C-NH-C-COOB + HN - C-COPr ■ _v - 

I 1 B I? . 

xxn xxm 

A, R , R , R , R 4 , r^ are as defined above for compounds 
formula I and Pr stands for a free or protected (e.g. 
esterification) hydroxy group. 

This reaction is well known from peptide chemistry. The 
reaction can be carried out in the presence of a condensing 
agent such as for example dicyclohexylcarbodiimide (DCC) , 
diphenylphosphoryl azide (DPPA) and N,N-disuccinimidyl car- 
bonate in CH 3 CN. While, as mentioned above, reactive groups 
(e.g. hydroxy groups) are protected before the coupling 
reaction is carri d out, the amino group of compound (XXIU) 



0088350 

- 17 - 

can b activated, .g. by means of tetraethyldiphosphit 
and/or the carboxy group of compound (XXII) can be activated 
via the intermediacy of active esters such as that derived 
from 1-hydroxybehzotriazole, its mixed anhydride (derived ' 
from a chlorocarbonic acid ester) , its azide or dicyclo- 
hexylcarbodiimide . 

This process is of particular use for the preparation of 
5 compounds wherein the R 3 , R 4 or R 5 contains or is Z 1 , es- 

4 1 
pecially wherein R is or contains Z . 



D. Condensation of an amino compound (XXIV) with a ke to- 
compound ( XXV ) 



Pr a 5 

co r 3 nt\ 

4 1 I / I 
R -CH_-C-NH, + 0 = C-C-N - C-COPr t 

L " I 

li. 0 l 2 

xnv xxv . 

10 under the conditions described for process .A. 
A- R 1 R 2 p 3 =4 -5 

a, R , R , R , r , r are as defined above for compounds 
formula I and Pr stands for a free or protected (e.g. by 
esterification) hydroxy group. 



E. Alkylation of an amino compound (XXIV) by means of a 
compound (XXVI) 
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4 iii 
R -CH 2 -C-NH 2 + X-CH-C-N - C-COPr 



+ 2 T - C-COPr ■ v T 

»OV BBS 
. wherein X is chloro, brono, iodo, alkanesulfar^laxy or arenesulfonyl- 

oxy, A, R 1 , R 2 , R 3 , R 4 , R 5 are as defined above for ccopounds of for- 
mula I, and Pr stands for a free or protected (e.g. by esterification) 
5 hydroxy group. The reaction can be carried out under the conditions 
.described for process E. 

F. Por the preparation of compounds of formula I, wherein 
345 

one of R , R and R is a group Z-(CH 2 ) 0 _ g -, wherein Z is 
Z 5 , Z 6 , Z 7 f Z 8 , z 9 or Z 10 preferably Z 7 , Z 8 or Z 9 : 
10 Condensation of a peptide of the general formula (XXX) with 
a compound containing the desired group (XXXI) 

W -CH 2 -C-NE-CH-C-N - C-COPr ♦ W 6 H > j 

i 1 fl R 2 

XXX XXXI 

wherein R 1 , r 2 ^ A are as defined £or formula ^ ^ ^ ^ 
protected hydroxy group, w 3 , w 4 and w 5 are defined like R 3 , 
R and R S respectively with the difference that one of w 3 , v* 4 and 
15 W 5 contains an NH 2 -group instead of the respctive Z 5 to. Z 10 - 
group; and W 6 is z 5 , z 6 , z 7 , z 8 , z 9 or z 10 . The reaction can be 
carried out in an inert organic solvent, e.g. an alcohol, (preferably 
ethanol) at reflux tenperature. 



Biis reaction may be exemplified by the following Reaction Scheme: 
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fii. Por the preparation of compounds of formula I., wherein 
one of R 3 , R 4 and R 5 is a group Z-(CH 2 ) 0 _ 6 -, wherein Z is 

Z 1 , Z 2 or Z 3 : 

condensation of a peptide of formula XXXII with an appro- 
priately substituted compound of formula XXXIII 



W -CH 2 -C-NH-CH-C-N - C-COPr + W 10 -C1 ) j 



xxxrr 



xxxm 
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1 2 

wherein R , R and A ar as defined for formula I, Pr is a 

7 8 9 3 

protected hydroxy group, W , W and W are defined like R , 

R 4 and R^ respectively, with the difference that one of W 7 , vP and 

9 1 2 

W contains an NHj-group instead of the respective Z , Z or 

5 Z^ group , and is 



R 

XXXIV 




or 




This condensation can be exemplified by the following 
Reaction Scheme: 



OC 2 H 5 
) 4 -CH-NB-CE-C 




C (O) -N i7COOC 2 H 5 



10 



E 2 NS0 2 





? C 2 E 5 



V CO 




C-NH- (CH 2 ) 4 -CE-NH-CE-C (0) -N »-COOC 2 H 5 



OH 
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The reaction can be carried out in a suitable solvent (e.g. 
THF, pyridine or mixture of THF and triethylamine) , usually 
between 0°C and room temperature. 

For the preparation of compounds of formula I r wherein 
3 4 5 

one of R , R and R is a group Z-(CH 2 ) 0 _ g -, wherein Z is 
4 

Z : condensation of a peptide of formula (XXXVII) with a 
3-halomethylbenzothiadiazine (XXXVIII ) 



ELNSCL 0 2 

R^^^^N^CS,— ftal 
H' 

xfflcvm 



Pr W 13 

lo W 11 (lK 
12 ||(] 
W -CH.-C-NH-CH-C-N - C-COPr 



XXXVII 



1 2 

wherein R , R and A are as defined for formula I, Pr is a 

protected hydroxy group, W 11 , w 12 and w 13 ar defined like 
3 4 5 

R , R and R respectively with the diff rence that one of 
w11 ' w12 and W 13 contains a -SH-group instead of the re- 
spective Z 4 -group, and Hal is halogen, preferably chloro. 
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The reaction is carried out in a suitable solvent (e.g. 
DMF) , preferably in the presence of triethylamine. 

I. ?oz the preparation of compounds of formula I , wherein 
3 4 5 

one of R , R and R is a group Z- (CH 2 ) / wherein Z is 

Z 5 or Z 6 : condensation of a peptide of formula XXXIX 
with a compound of formula XXXX 



IS £ f CE 3V R9 
K -CE,-C-N=-CH-C-K - C-COPr + X > I 

xxm SDK 
wherein R 1 , R 2 , R 5 , R 10 and A are as defined for formula I, 

Pr is a protected hydroxy croup, W 14 , W 1=> and K 16 are de- 

3 4 * 

fined like R , R and R~ respectively with the difference 
that one of V 14 , V- 1 " and v: 16 contains the croup 



ILNSCL 
^ \ 2 




0 2 

XXJDC XXXXI a 

instead of the .group Z 5 or Z 6 resp ctively. The reaction 
can be carried out in an inert organic solvent, e.g. an 
alcohol, preferably ethanol, under acidic conditions (e.g. 
by addition of a hydrochloric acid) at reflux temperature. 



3*0 ORIGINAL )J 
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The starting compounds in these reactions can be prepared 

according to known methods. 

The compound of formula XXII, wherein R 1 is hydrogen can 
for example be prepared by reacting a keto compound .(XIX) 
5 with on ami noacid (XXVII) 



Pr 

CO R J 
4 I I 
R -CH -C = 0 + H 2 N-9-COOH j. XXII 



XIX XXVII 
according to the condition described in process A. 

Alternatively, the compound of formula XXII can be pre- 
pared by condensing XXIV with a keto acid (XXVIII) 



Pr 

CO R J 

4 1 I ' 

10 R -CH 2 -C-NH 2 + 0 = C-COOH ■ > XXII 

R 1 H 

XXIV XXVIII 
or by condensing 



Pr 

I 3 

CO R 

R 4 -CH 2 -C-X + H 2 N-C-COOH » X XII 

■ R 1 4 

XXI XXVII 
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Pr 

I 3 

co Y 

R -CH 2 -C-NH 2 + X-C-COOH XXII 

R 1 H 
XXIV XXIX 
under the conditions described for process B (X being as 
defined in process B) . 



The compound XXII can also be prepared analogously to 
process 6 described above. 

•The starting compound (XXXVII) of process H can for ex- 
ample be prepared from a correspondign compound wherein 
the respective group w 11 , w 12 or W 13 is -SCHC g H 5 by re- 
duction with sodium in liquid ammonia. 

The above processes are followed by setting free protected 
groups by known methods. Protected carboxy groups, e.g. 
when, for example ,/ — Hprotected by removable ester groups 
(e.g. Pr being alkoxy, pnethoxy, ethoxy, tert. butyloxy) , 
nitrobenzyloxy or bezyloxy,) are set free by hydrolysis or 
hydrogenation. (Reductive cleavage of a compound, wherein 
one of the protecting groups (Pr) is benzyloxy and th 
other protecting group is alkoxy will yield a compound, 
wherein the benzyloxy group has been replaced by hydr xy 
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but the alkoxy group has not been replaced.) Hydrolysis 
can be carried out under acidic conditions (using .g. a 
halogen by dr acid or trifluoroacetic acid) , under basic 
conditions or by means of photochemical hydrolysis* 

5 The amino group (s) can be protected by protecting groups 
such as for example formyl, t-butoxycarbonyl , carbobenzyl- 
oxy, triphenylmethyl and nitrophenylsulfenyl. These groups 
can be removed under acidic conditions, e.g. by means of a 
halogenhydroacid and/or trifluoroacetic acid. 

10 Esters obtained by the above processes can also be trans- 

esterified. For example, ethyl esters can be converted to 

the corresponding benzyl ester with benzyl under A cinic 

conditions . 

As mentioned before the compounds of this invention exist 
15 in diastereoisoxneric forms or in mixtures thereof. The 
above described syntheses can utilize racemates, enanti- 
omersi — lor diastereomers as starting materials. Enanti- 
omeric intermediates may be obtained by resolution methods 
known in the art. When diastereomeric products result 
20 from the synthetic procedures, the diastereomeric products 
can be separated by conventional chromatographic or 
franctional crystallization m thods (e.g. describ d in the 
Europ an published application No. 12401). 
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The compounds of this invention form salts with various 
inorganic and organic acids and bases which are also 
within the scope of the invention. Such salts include 
ammonium salts, alkali metal salts like sodium and potas- 
5 sium salts ( which are preferred) , alkaline earth metal 
salts like the calcium and magnesium salts, salts with 
organic bases e.g., dicyclohexylamine salts, K-methyl- 
D-glucamine, salts with amino acids like arginine, lysin 
and the like. Also, salts with organic and inorganic • 
10 acids may be prepared, e.g., HC1, HBr, H 2 S0 4 , H 3 P0 4 ,. 
methanesulfonic acid, toluensulfonic acid, maleic acid, 
fumaric acid and camphor sulfonic acid. The non-toxic 
physiologically acceptable salts are preferred, although " 
other salts are also useful, e.g., in isolating or puri- 
15 fying the product. 

The salts may be formed by conventional means, as by re- 
acting the free acid or free base forms of the product 
with one or more equivalents of the appropriate base or 
acid in a solvent or medium in which the salt is in- 
20 soluble, or in a solvent such ..as water which is then re- 
moved in vacuo or by freeze-drying or by exchanging the 
cations of an existing salt for another cation on a suit- 
able ion exchange resin. 

The compounds of this invention are useful as antihyper- 
25 tensiv agents in mammals, including humans, in which th 
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blood pressure has become abnormally elevated. 

The compounds of the present invention can be combined 
with pharmaceutical carriers and administered in a variety 
of well known pharmaceutical forms suitable for oral or 

parenteral administration to provide compositions useful 
in the treatment of cardiovascular disorders and particu- 
larly mammalian hypertension. 

The effective dose <SD 50 ) of the compounds of this in- 
vention will typically be in the range of about 0.01 to 
about 30mg/kg, preferable of about 0.1 to about lOmg/kg, 
of mammalian weight, administered in single or divided 
doses. The exact dose to be administered is dependent 
upon where the particular compound lies within the above 
guoted range, as well as upon the age, weight and condition 
of the individual. 

Generally, in treating humans, the compounds of this in- 
vention may be administered to patients in need of such 
treatment in a dosage range of 5 to 500mc per patient 

generally given several times, thus giving a total daily 
dose of from 5 to 2000mg per day. 
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The composition containing the compounds of this inv ntion 
will preferably contain' from about 5 to 250mg of the active 
compound per dosage unit. These compositions are most 
preferably administered orally. Typical formulations for 
oral administration are those such as tablets, capsules, 
syrups, elixirs or suspensions. Typical injectable for- 
mulations include solutions and suspentsions. 

The typical acceptable pharmaceutical carriers for use in 
the formulations described above are exemplified by: 
sugars such as lactose, sucrose, mannitol and sorbitol; 
starches such as corn starch, tapioca starch and potato 
starch; cellulose and derivatives such as sodium carboxy- 
methyl cellulose, ethyl cellulose and methyl cellulose; 
calcium phosphates such as dicalcium phosphate and tri- 
calcium phosphate; sodium sulfate; calcium sulfate, poly- 
vinylpyrrolidone, polyvinyl alcohol; stearic acid; alkalin 
earth metal stearates such as magnesium stearate and cal- 
cium stearate, stearic acid, vegetable oils .such as peanut 
oil, cottonseed oil, sesame oil, olive oil and corn oil; 
non-ionic, cationic and anionic surfactants; ethylene gly- 
col polymers; beta-cyclodextrin; fatty alcohols and hydro- 
lyzed cereal solids; as well as other non-toxic compatibl 
fill rs/ binders, dis integrants , buff rs, pr s rvatives, 
antioxidants, lubricants, flavoring agents, and th like 
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The following examples illustrate the preparation of the 
compounds of the present invention. The diasteromers 
prepared as setforth below may be isolated by column chro- 
matography or by fractional crystallization. 
In the examples below, octahydroindole-2 (S) -carboxylic 
acid refers to cis f «yn-octahydroindole-2 (S) -carboxylic 

acid, also named 3a (S) , 7a (S) -octahydroindole-2 (S) - 
carboxylic acid. 



SO 
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Bxampl 1 




A. Stir a suspension of 24. Og of N£-benzyloxycarbonyl- (S ) - 
lysine and 36. Og of ethyl 2-oxo-4-phenylbutanoate acid in 
2500ml of absolute ethanol at room temperature for 24 hours. 
Add 16. Og of sodium cyanoborohydride and stir the resulting 
mixture at room temperature for 48 hours. Add 80ml of water 
and stir the resulting mixture at room temperature for 72 
hours. Concentrate this mixture in vacuo at 30 *C to give 
a white residue. Suspend the residue in 1200ml of ice water, 
add concentrated hydrochloric acid to maintain pH 2-4, and 
stir this mixture for 2 hours. Absorb this aqueous solution 
on- 2000ml of XAD-2 (Bote & Baas Co.) resin. Elute the r sin 
with 16,000ml of water and then with 8000ml of absolute 
ethanol. Concentrate the ethanol solution and chromato- 
graph the residue on a column of silica gel (3000ml, 60- 
200 mesh) eluting with chloroform s isopropanol : 7% ammo- 
nium hydroxide 1:1:1 (organic layer) to give a white res- 
due. Chromatograph this residue on a column of silica gel 
(3000ml) , eluting with chloroform : isopropanol : 7% ammo- 
nium hydroxide 1:1:1 (organic layer) to give fractions A, 
B, C, and D. Absorb fraction B on a column of silica gel 
(1500ml) , eluting with chloroform : isopropanol : 7% ammo- 
nium hydroxide 1:1:1 (organic layer) to give N -benzyloxy- 
carbonyl-Na- [1 (S)-carboethoxy-3- (phenyl) propyl) - ( S ) -lysine, 
a white solid, [a] D *+6.1- (ethanol) , m.p. 114-115»C. 

B. Cool a solution of 1.9g of the product of part A and 
1.3g of cis,svn-octahydro-lH-indol -2 (S)-carboxylic acid 
benzyl ster in 24ml of dimethylformamide t 0«C under 
nitrog n. Add dropwise a solution of 0.9 of diphenyl- 
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phosphorylazid in 6ml of dim thy If ormamide , follow d by 
a solution of 0 . 7ml of N-methylmorpholine in 6ml of di- 
methylf ormamide , also added dropwise, and stir at room tem- 
perature for 18 hours. Bsur the reaction solution into wat r, 
5 adjust to pH 8 with IN NaOH, and extract with ether. Dry 
the ether layer over magnesium sulfate, and concentrate 
under vacuum to a yellow oil. Chromatograph the oil on 
silica gel (1000ml, 60-200 mesh) , eluting with hexane : 
ethyl acetate (Is 2) to give 1-^Na- [1 (S)-carboethoxy-3- 
1 o (phenyl ) propyl] -n£-benzyloxy-carbonyl- (S ) -lysyl j-cis , syn- 
octahydro-lH-indole-2 (S)-carboxylic acid, benzyl ester, a 
yellow oil. 



C. Dissolve 1.60g of the product of part B in 150ml of 
absolute ethanol. Add 0.75g of 10% palladium-on-charcoal 
15 and hydrogenate the mixture at 50 psi at room temperature. 
Filter the reaction mixture and concentrate the filtrate 
in vacuo to give l-^a-[l(S)-ethoxycarbonyl-3-(phenyl)propyl- 

(S ) -lysylj -cis , syn-octahydro-lH-indole-2 (S ) -carboxylic acid 
hydrate, a white foam, [a]p 6 -42.5 (ethanol). 

20 D. To 4.9g of 1-{no-[1 (SJ-Iethoxycaxbonyl-a-phenylpropylj- 
fSJ-lysylj-c^svn-octahyro-lH-indole^ (S) -carboxylic acid 
in 200ml of tetrahydrofuran and 2g of triethylamine at 0-5 c C, 

add 2.9g of 4-chloro-3-sulf amoylbenzenesulfonyl chloride 
and stir the resulting mixture at room temperature. Con- 
25 centrate the resulting mixture in vacuo and chromatograph 
the residue on an Lobar RP-8, size B column (E. Merck) 
using acetonitrile : water as eluant to give the title com- 
pound. 
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l-jlta- Tl (S ) -Bthoxycarbonyl-3-phenvlpropyl] -N£- [ (4-chloro- 
3-sulfamoyl) be nzoyl] - (S)-lysyl ?-cis , syn-oct ahydro-lH-in- 
dole-2 (S) -carboxylic acid 

5 Treat 4 . 9g of 1-{ncc [1 (S ) -ethoxycarbonyl-3-phenylpropyl] - 
(S ) - lysyl j -cis , syn-ocrt ahydro- lH-indo le-2 (S ) -car boxy lie acid 
(obtainable as described in Example 1A to 1C) in 200ml of 
tetrahydrofuran and 2.0g of triethylamine at 0-5 °C with 
2.2g of 4-chloro-3-sulfamoyl-benzoyl chloride and stir 
10 the resulting mixture at room temperature. Concentrate 
the resulting mixture in vacuo and chromatograph the res- 
idue .on a Labor RP-8, size B column (E. Merck) using ace- 
tonitrile : water as eluant to give the title compound. 



Example 3 

15 1-frfa- tl (S ) -Bthoxycarbonvl-3-ph envlpropvn -n£- [ (4-chloro- 
3-suf amovl) benze nesul f onvll - (s ) -Ivsvlj- (S ) -proline 

Substitute 2.17g of 1-{nc- [1 (S)-ethoxycarbonyl-3-phenyl- 
propyl) -(S) -lysyl}- (S) -pro line for the respectively sub- 
stituted octahydro-lH-indole-2 (S) -carboxylic acid in Ex- 
20 ample ID to obtain the title compound. 

Example 4 

1-fNa- Tl (S ) -Ethoxvc arbonyl-3-phenvlpropyll -N£- r (4-chloro- 
3-sufamovl) benzoyl - (S)-lvsvlE- (S)-proline 

Substitute 2. 17 g of l-{Na- [1 <S)-ethoxycarbonyl-3-phenyl- 
25 propyl]- (S)-lysy^- (S) -proline for the r spectively sub- 
stituted octahydxo-lH-indole-2(S) -carboxylic acid in Ex- 
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ample 2 to obtain the title compound. 

Example 5 

l~fNa- [1 (S) -Carboxy-3-phenylpropvU -N£- [ (4-chloro-3-sulf- 
amoyl) benzenes ulfonyl] - (S) -lysyl}-cis, syn-o ctahydro-lH- 

5 indole-2 (S) -carboxylic acid 

A. To a solution of 1.10g of 1-{ncc[1 (S)-ethoxycarbonyl- 
3-phenylpropyl]- (S ) -lysyl^-cis , syn-octahyro-lH- Indole -2 (S)- 
carboxylic acid (prepared as in Example 1) in 100ml of 
methanol at 0-5 °C, add 2.0ml of 2.5H sodium hydroxide so- 
10 lutipn and stir at room temperature for 24 hours. Add 
2 Oral of water, concentrate to one-half volume, and stir 
24 hours. Concentrate this solution in vacuo and absorb 
on AG 50W-X2 (100-200 mesh, hydrogen form, -Bio-Rad resin) 
(50ml). Place said 50ml of resin on an additional 300ml 

15 of resin, elute the resin with 1200ml of water, and then 
elute with 4% pyridine in water to yield 1— £Na-[l{s)- 
carboxy-3-phenylpropyl] - (S ) -lysylf-cls ,syn-octahvdro-lH- 
indole-2 (S)-carboxylic acid, a white solid, m.p. 165-166° 
Ict]^ 6 -8-2 (ethanol). 

20 B. Treat 2.45g of the product of Step A with 1.45g of 4- 
chloro-3-sulfamoylbenzenesulfonyl chloride as described in 
Example ID to give the title compound. 



Example 6 



l-£ Ma- [ 1 (S ) -Carboxy-3-phenylpropvl] -N£- [ ( 4-chloro-3-sulf - 



25 amoyl) benzoyl- (S) -lysyl>-cis ,syn-octahydro-lH-indole-2 (S) 



carboxyllc acid 
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Treat 2.45g of th product from Example 5A with l.ig of 
4-chloro-3-sulf amoylbenzoyl chloride as described in Ex- 
ample 2 to give -the title compound. 



Example 7 



5 Tl <S) -Carboxv-3-t> henvlpropvn-s- 13- (6-chloro-3 .4- 

dihydro-7-sulf amovl-1 . 2 , 4-benzothiadiazinvl-l , 1-dloxida \ 
methyl] - (R) -cystelnvlt-cis . B yn-octahydro-lH-indole-S ffi l - 
carboxylic acid 



10 



A. Stir 10. 5g of S-benzyl-L-cysteine and 11. Og og 2-oxo- 
4-phenylbutyric acid, ethyl ester in 1000ml of absolute 
ethanol at room temperature for 24 hours. Add. 5.28g of 
sodium cyanoborohydride and stir the resulting mixture at 
room temperature for 48 hours. Concentrate this mixture 
in vacuo at 30'C to give a white residue. Suspend the 
residue in ice-water, add concentrated hydrochloric acid 
to maintain pH 2-4, and stir this mixture for 1 1/2-2 hours. 
Absorb this aqueous solution on XAD-2 (Rohm & Baas Co.) 
resin. Elute the resin with water and then with absolute 
ethanol. Concentrate the ethanol solution and chromato- 
graph the residue on a column of silica gel using chloro- 
form : isopropanol : 7% ammonium hydroxide i:lsl (organic 

layer) to give N- U <S)-carboethoxy-3-phenylpropyl]-s-benzyl- 
(R) -cysteine. 



B. Treat 4.0g of the product of part A and 2.6g of cis,syn- 
5 octahydro-lH-indole-2(S) -carboxylic acid, benzyl ester in 
10ml of dimethylformamid at 0 s under nitrogen with a so- 
lution of 2.75g of diphenylphosporylazid in l.Og of N- 
methylmorpholine in 10ml of dimethylformamide, and stir at 
room temperature for 18 hours. Pour the reaction solution 
I into water, adjust to pH 8 with IN, NaOH, and extract with 
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ether. Wash the combined ther layers with aqueous sodium 
chloride solution, dry th ether layer over magnesium sul- 
fate, filter, and concentrate in vacuo to give a residue. 
Chromatograph this residue on silica gel (60-2.00 mesh) 
5 using hexane : ethylacetate to give 1-^N- [1 (S)-ethoxy- 
carbony 1- 3-pheny lpropyl J -S-benzyl- (R) -cysteinyl^-cls , syn- 
octahydro-lH-indole-2- (S) -carboxylic acid, benzyl ester. 

C. stir the product of part B in 50ml of a 15-20% solution 
of hydrobromic in acetic acid under nitrogen for 2 hours, 
10 then concentrate to dryness under vacuum at room temperature. 
Triturate the resultant residue vith ether to obtain 1-{n- 

[1 (S)- (ethoxycarbonyl-3-pheny lpropyl] -S-benzyl- (R) -cys-. 
teinyl}-cis , syn-octahydro-lH-indole-2 (S ) -carboxylic acid , 
hydrobromide . 

15 D. React 1.5g of the product from part C in methanol with 
3.0ml of 2.5N sodium hydroxide at room temperature for 24 
hours and concentrate the resulting mixture in vacuo at 
room temperature. Absorb the residue on AG 50W-X2 (100- 
200 mesh, hydrogen form, Bio-Rad) resin. Elute the resin 

20 with water and then elute with 4% pyridine in water to yield 
1-{n-[1 (S) -carboxy-3-pheny lpropyl] -S-benzyl- (R) -cysteinylj- • 

cis,svn-octahydro-lH-indole-2(S) -carboxylic acid, hydro- 
bromide . 

E. Treat l.Og of product form part D with 0.05g of sodium 
25 in 100ml of liquid ammonia. Evaporate and concentrate the 

resulting mixture to give 1-{n- [1 (S)-carboxy-3-phenylprcpyl]- 

(R) -cysternyl}-cis , syn-octahydro-lH-indole-2 (S ) -carboxylic 
acid as the sodium salt. 

F. React 0.4g of the product from Step E in 20ml of di- 
30 methylformamide with 0.36g of 2-bromomethyl-6-chloro-3,4- 

dihyaro-7-sulf amoyl-1 , 2 , 4-benzothiadiazine-l , 1-dioxide 
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and triethylamine. Concentrate the resulting mixture and 
chromatograph on an AG 50W-X2 column eluting with 4% 
pyridine in water to give the title compound. 

Example 8 

5 l-^N- [1 (R) -Carboxy-2- [S- ( (3- (6-chloro-3 , 4 -dihydro-7 -sulf - 
amoyl-1 , 2 , 4~benzothiadiazinyl-l , 1-dioxide) methyl) ) thiol - 
ethyl] ] - (S) -alanyll-cis ,syn-octahydro-lH-indole-2 (S) -car- 
boxy lie acid 

A. Stir 10 Og of S-benzyl-L-cysteine ethyl ester hydrochlo- 

10 ride, 132 g of benzyl pyruvate, and lOg of 3A molecular 

sieves in 8 liters of ethanol for 18 hours under nitrogen. 
Add dropwise a solution of 52g of sodium cyanoborohydride 
in 100ml of ethanol, stir at room temperature for 24 hours, 
filter, then concentrate the filtrate at room temperature 

15 under vacuum. Suspend the resultant residue in 100ml of 

water and 500ml of ether and adjust the mixture to pH 8 with 
IN HC1. Hash the organic layer with saturated sodium chlo- 
ride solution, dry over sodium sulfate, and filter. Adjust 
the filtrate to pH 2 with 3M ethereal HC1, decant the su- 

20 pernatant, wash the resulting oily precipitate with 200ml 
of ether, and mix with saturated aqueous sodium bicarbonate 
to obtain a solution of pH 8. Extract the mixture with 1 
liter of ether, dry the ether layer over sodium sulfate and 
concentrate at room temperature to give N-[l(R)-carboethoxy- 

25 2- (benzylthio) ethyl] - (R,S) -alanine, benzyl ester, an amber 
oil. Thin layer chromatography in ethyl acetate : hexane 
(15:85) may b used to separate the two isomers (isom r A 
at Rf = 0.36, and isomer B at Rf = 0.28) , or the proc dur 
may be continu d on the mixture. 

30 B. Add 50g of th product of part A to 1800ml of a 15-20% 
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solution of hydrobromic-acetic acid and heat at 50°C for 20 
hours. Concentrate the resultant mixture to dryness under 
vacuum, and wash the resultant oily residue vith ether until 

free of acetic acid to produce N-[l(R)-carboxyethyl-2 (benzyl- 
5 thio) ethyl] - (R,s) -alanine hydrobromide, an amber oil. 

C. Cool a solution of 50. 5g of the product of part B and 
33. 4g of cis,syn-octahydroindole-2 (S) -carboxylic acid benzyl 
ester in 1 liter of dimethylformamide to 0°C under nitrogen, 

add dropwise a solution of 35. 5g of diphenylphosphorylazide 
10 in 1 liter of dimethylformamide, followed by a solution of 
33. 4g of N-methylmorpholine in 200ml of dimethylformamide, 
also added dropwise, and stir at room temperature for 18 
hours. Pour the reaction solution into 3 liters of water, 
adjust to pH 8 with IN NaOH, and extract with 4x1 liter 
15 of ether. Wash the combined ether layers with 1 liter of 
aqueous sodium chloride, dry the ether layer over magnesium 
sulfate, filter, and concentrate under vacuum to an amber 
oil. 

Chromatograph the resultant oil on 2kg of silica gel (60- 
20 200 mesh) using ether : hexane (90:10). Collect components 
having Rf 0.38 and Rf 0.61 as indicated by thin layer chroma- 
tography on silica gel eluted with ether. The isomer with 
Rf 0.61 is 1--{n- [1(R) -carboethoxy-2-(benzylthio) ethyl] -(S) - 
alanyl}-cis,svn-octahydro-lH-indole-2 (S) -carboxylic acid, 

25 benzyl ester. 

D. Stir 0.70g of the (S)-alanyl product of part C and 25ml 
of a 15-20% solution of hydrobromic-acetic aicd under nitrogen= 
for 2 hours, then concentrate to dryness under vacuum at 
room temperature. Triturate the resultant residue with ether 
30 and filter to obtain 1- ^N- [1 (R) -carboethoxy-2- (benzyl thio) - • 
ethyl] - (S ) -alanylj-cis , syn-octahvdro-lH-indole-2 (S) -carbo- 
xylic acid, hydrobromide as a tan solid, m.p. 124-125°C. 
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E. To a solution of 10. 6 g of the product of Step D in 500ml 
of methanol, add 24ml for 2.5N sodium hydroxide solution and 
stir at room temperature for 24 hours. Concentrate this 
solution in vacuo and absorb on AG 50W-2. (Bio-Rad) resin 
5 (100-200 mesh, hydrogen form) . Elute the resin with water 
and then elute vith 4% pyridine in water to yield 1-{n- 
[1 (R) -carboxy-2- ( benzylthio ) ethyl] - (s ) -alanyl?-cis ,syn-octa- 
hydro-lH-indole-2 (S ) -carboxylic acid. 

P. Treat 4.22g of the -product of Step E with 0.23g of so- 
0 dium in 200ml of liquid ammonia. Evaporate the ammonia and 
absorb the residue on AG 50W-2 (Bio-Rad) resin (100-200 mesh, 
hydrogen form) . Elute the resin with water and then elute 
with 4% pyridine in water to yield 1-{n-[1 (R)-carboxy-2- 
(mercapto) ethyl] - (s ) -alanylj-cis ,syn-octahydro-lH-indole- 
5 2 (S) -carboxylic acid. 

G. React 2.2g of the product of Step F in 20ml of dimethyl- 
formamide with 2.4g of 3-bromomethyl-6-chloro-3 , 4-dihydro- 
7-sulf amoyl-1 , 2 , 4-benzothiadiazine-l , 1-dioxide and triethyl- 
amine. Concentrate the resulting mixture to give the title 
compound. 



Example 9 

l"fN-[l(S)-Ethoxvcar bonvl-5-(4-chloro-3sulfamovl)-benzene- 
sulf onaminopentvl] - (S ) -alanvl ?-cis , svn-octahvdro-lH-lndole- 
2 (S) -carboxylic acid 

A. Dissolve 27. Og of ethyl indole-2-carboxylate in 250ml 
of trifluoroacetic acid. Add 2.05g of platinium oxide, 
hydrogenate the mixture at 50 lb/in 2 at room temperature. 
Filter the mixture and concentrate th filtrate in vacuo 
to give a r sidue. Suspend the r sidue in ether and tr at 
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with cold dilute sodium hydroxide solution. Dry th organic 
layer over magnesium sulfate and concentrate it to give 
ethyl octahydroindole-2-carboxylajbe? a pale yellow oil. 

B. Dissolve 116g of 10-d-camphorsulfonic acid in 1 liter 

5 of warm ethyl acetate and add a solution of 86g of the pro- 
duct of part A in 1 liter of ethyl acetate. Allow the mix- 
ture to crystallize, heat to reflux, cool to room tempera- 
ture, and filter. Recrystallize the filter cake from a 
mixture of 500ml of isopropanol and 1800ml ethyl acetate, 
10 filter and dry the crystals to obtain 2- (S) -carboethoxy- 
cis , svn-octahydro-lH-indole , d-10-camphorsulf onate , 

m.p. 192-193« > C. 

C. Slurry lOg of the product of part B in 1 liter of 
ether, adjust to pH 11 with aqueous sodium hydroxide, and 

15 stir for 5 minutes. Wash the organic layer with sodium 
chloride solution, dry over magnesium sulfate, filter, and 
evaporate in vacuo at room temperature to obtain 2(S)- 
carboethoxy-cis , syn-octahvdro-lH-indole as a colorless oil. 
Dissolve the resultant oil in 50ml of methynol containing 

20 23ml of IN sodium hydroxide, stir at 25 °C for 30 minutes, 
adjust to pH 7 with IN hydrochloric acid, and evaporate th 

solvent to give cis ,syn-octahydro-lH-indole-2 (S) -carboxylic 
acid. 

D. Cool 23ml of benzyl alcohol to 0 e C under nitrogen and 
25 add 5.95g of thionyl chloride dropwise over 15 minutes, 

maintaining the temperature at 0°C. Add the product of 

part C, stir for 1 hour at 0°C, then stir for 24 hours at 
room temperature. Pour the resulting mixture into 500ml of 
ether, stir 1 hour under nitrogen, then allow to stand under 
30 nitrogen until th solution is clear. Decant th sup r- 
natant, wash the precipitate with 25ml ether, then slurry 
the precipitate in 200ml ether and adjust to pH 8-9 with 
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11? s dium hydroxid . Stir 5 minutes, wash^the organic 
layer with sodium chloride solution, dry over magnesium 
sulfate, filter and evaporate in vacuo at room temperature 
to obtain cis,svn-octahydroindole-2(S)-carboxylic acid, 
benzyl ester as a colorless oil (TLC in ether: one spot, 
Rf 0.3). 

E. To 26g of the product of Step D in 100ml of dichloro- 
methane and 7.8ml of pyridine add 11. 0g of pyruvoyl chlo- 
ride and stir the resulting mixture at room temperature. 
Extract the reaction mixture with water and dry the organic 
layer over magnesium sulfate. Concentrate the dichloro- 
methane solution in vacuo and distill the residue to give 

l-pyruvoyl-cis,svn-octahydro-lH-indole-2 (S)-carboxylic acid, 
benzyl ester. 



5 F. To 20g of the product from Step E in 400ml of ethanol, 
add 2.0g of 10% palladium-on-charcoal and hydrogenate at 
50 psi at room temperature. Filter ther resulting mix- 
ture and concentrate the filtrate in vacuo to give 1- 
pyruvoyl-cis , syn-octahydro-lH-indole-2 (S ) carboxylic acid. 

0 G. React 6.20g of Nc- (ber^loxycarfaonyl) -^lysine ethyl ester in 
20ml of tetrahydrofuran with 4.8g of l-pyruvoyl-c^^-octa- 
hydro-Jfrindole-2 (S) -carboxylic acid and add 20ml of molecular sieves 
4A (Ibba and Haas). Stir the resulting mixture for 4 hours, 
add 12g of sodium cyanoborohydride in 20ml of methanol and 

> stir the reaction mixture 20 hours. Filter, concentrate to 
dryness, and partition the residue between water and di- 
chloromethane. Absorb the aqueous phase on strong acidic 
ion-exchange resin and elute with 4% pyridine in water to 
give 1-[N- [1 (S) -ethco^carbonyl-5-b^ _ (R/S) _ 

alaiyl j^,syn^atydr^ ( S ) -carboxylic acid. Separate 

the isomers on a column of silica gel using CHC^ : isopropanol : 7% 
annonium hydroxide 1:1:1 (organic) as eluant to give 1- N-[1(S)t- 
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htoxy carbony 1 - 5 -benzy loxycarbony laminopenty 1 ] I ■ I 

cis , syn-octahydro-lH-indole-2 (S) -carboxylic acid. 

H. Hydrogenate -the product from Step 6 in 300ml of ethanol 
using lg of 10% palladium-on-charcoal at 50 psi at room 

5 temperature. Filter the mixture and concentrate the 

filtrate to give 1-{n- [1 (S) -ethoxycaronyl-5-aminopentyl] - 

(S ) -alanyl |-cis , syn-octahydro-lH-indole-2 (S) -carboxylic acid. 

I. React l.Olg of the product of Step H in 20ml of tetra- 
hydrofuran and 0.25g of triethylamine with 0.75g of 4- 

0 chloro-3-sulfamoylbenzensulfonyl chloride and stir the r - 
suiting mixture at room temperature. Concentrate the re- 
sulting mixture in - vacuo and chromatograph the residue on 

a Lobar RP-8 (E. Merck) size B column using acetonitrile : 
water as eluant to give the title compound. 



5 Example 10 

1-^N- [1 (S) -Ethoxycarbonyl-5- (4-chloro-3-sulf amovl-benzamido- 
pentyl]-<S)-alanyl}-cis,syn-octahvaro-lH-indole-2 (S) -car- 
boxylic acid 

Treat l.Olg of 1-|n-[1 (S)-ethoxycarbonyl-5-'aminopentyl]- 

(S ) -alanyl) -cis , svn-octahydro-lH-lndole-2 (S ) -carboxylic 
acid, obtained according to Example 9H, in 20ml of tetra- 
hydrofuran and 0.25g of triethylamine with 0.55g of 4- 
chloro-3-sulfamoylbenzoyl chloride and stir the resulting 
mixture at room temperature. Concentrate the resulting 
mixture in vacuo and chromatograph the residue on a Lobar 
RP-8 tE. Merck) size B column using acetonitrile : water as 
eluant to give the title compound. 
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Example 11 

1-/n- [1 (S)-Carboxy-5- ( 4 -chlo ro- 3 -sulf amoy 1 ) benz amid opehtyH - 
(S ) -alanylfr -cis , syn-octahydro-lH-ihdole-2 (S ) -carboxylic acid 

A. To 4.04g of 1-{n- [1 (S)-ethoxycarbonyl-5-aminopentyl]- 

5 ( S ) -alanyl} -cis , syn-octahydro-lH-indole-2 (S ) -carboxylic acid 
in 100ml of methanol : water 1:1 add 8ml of 2.5N NaOH at 
o-5°C and then stir the resulting mixture at room temper- 
ature for 24 hours. Concentrate the resulting mixture and 
absorb on AG 50W-2 (Bio-Rad) resin (100-200 mesh, hydrogen 
10 form). Elute the resin with water, and then elute with 4% 
pyridine in water to yield 1-{k- tl{S)-carboxy-5-aminopentyl)- 
(S)-alanyl}-cis,syn-octahydro-lH-indole-2 (S) -carboxylic acid. 

B. React 0.95g of the product from Step 11A with 0.55g of 
4-chloro-3-sulfamoylbenzoyl chloride as described in Ex- 

15 ample 10 to give the title compound. 



Example 12 

I-In-TI (S)-Carboxy-5- (4-chloro-3-sulfamovDbenzenesulf- 
onamidopentvll - (S) -alanvl ?-cis , svn-octahvdro-lH-indole- _ 
2 (S) -carboxylic acid 

20 Treat 0.95g of the product from Example 11A with 0.75g of 
4-chloro-3-sulfamoylbenzenesulfonyl chloride as described 
in Example 91 to give the title compound. 



Exampl 13 

1-«Ut%1<S1 -Ethoxycarbonvl-5-X4.-chlore-3-sulf amoyl).- 
25 benzenesul f onamidopentyll - (&.S) * alanyl I- IS ) -proline 
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A. Mak a solution of N£-benzyloxycarbonyl-L-lysine ethyl 
ester hydrochloride (2.94g) in water (10ml) basic with 15ml 
of saturated aqueous potassium bicarbonate and extract with 

CH 2 C1 2* Dry the ext ract over McS0 4 and concentrate to 
dryness. Dissolve the residue, N£-benzyloxycarbonyl-L- 
lysine ethyl ester, in tetrahydrofuran (20ml) and pyruvoyl- 
proline (555mg) and add powdered No. 4A molecular sieves 
(l.Og). stir the mixture at room temperature for 4 hours. 
Add sodium cyanoborohydride (630mg) in 1ml of methanol over 
2 hours and stir the mixture overnight. Filter the mixtur , 
concentrate to dryness, and partition the residue between 
water (10ml) and CH 2 C1 2 (15ml). Absorb the aqueous phase 
on strong acid ion-exchange resin and elute with 4% pyridin 
in water to yield 470mg of 1-{ N - II (S ) -ethoxycarbonyl-5- 

benzyloxycarbonylaminopentyl]- (R,S)-alanyl}-s-proline. Re- 
move the protecting group by hydrogenation in ethanol : 
water 1:1 over 10% Pd/C catalyst at 40 psi. Filter the 
mixture and take the filtrate to dryness. Chromatograph 
the residue in methanol on an LH-20 column to give the 

desired 1-{n-U (S)-ethoxycarbonyl-5-aminopentyl]-(R, S )- 
alany 1 /- ( s ) -proline . 

B. Condense 0.90g of the product from Step A with 0.75g of 
4-chloro-3-sulfamoylbenzenesulfonyl chloride as described 
in Example 91 to give the title compound. * 



Example 14 

1-(n- n (S) -Ethoxvcarbonv l-5- (4-chl 0 ro-3-sulf amoy lUh.^- 
amidopentyl l- (R f s)-alanyl)- (s)-prolinp 

R act 0.90g of the product of Exampl 13A with 0.55g of 
4-chloro-3-sulfamoylbenzoylchloride as described in Ex- 
ample 10 to give th title compound. 
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Example 15 

1-4n- Tl (S ) -Ca rboxy-5- ( 4-chloro-3-sulf amovl) benzene- 
sulf onamidopentyl] -R,S ) -alanvl)-- (S) -proline 

A. Treat 3.50g of the product of Example 13A in 100ml of 
5 methanol : water 1:1 with 8.0ml of 2.5N NaOH as described 

in Example 11A to give 1-{n- [1 (S ) -carboxy-5-aminopentylJ - 
(R, S ) -alanyl}- (S ) -proline . 

B. Condense 0.80g of the product of Step A with 0.75g of 
4-chloro-3-sulfamoylbenzenesulfonyl chloride as described 

10 in Example 91 to give the title compound. 



Example 16 

l-^N-r (S) -Carboxy-5- U-chl oro-S-sulfamoy llbanzami dopentvll- 
<R,S)-alanvl)-(S) -proline 

React 0.80g of the product of Example 15A with 0.55g of 
15 4-chloro-3-sulfamoylbenzoyl chloride as described in Ex- 
ample 10 to give the title compound. 



Example 17 

7- (4-Chloro-3-sul f amovlbenzamido) -2-(n- Q IS) -carboxv-3- 
phenylpropyll - f S ) -alanv l j-l ,2,3. 4-tetrahvdroisocruinoline- 
20 3 (S)-carboxvlic acid 

A. Dissolve 1,2/3/ 4-tetrahydro-7 -nitroisoguinoline-3 (S ) - 
carboxylic acid ethyl st r (0.1 mole) in thanol and add 
the solution to 10% palladium on carbon (l.Og) in a hydro- 
genation bottl . Hydrogenat th mixture at 30 psi, at 
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room temper atur until the reduction is complete as indi- 
cat d by thin layer chromatography. Remov the catalyst by 
filtration and evaporate the solvent under reduced pressure 

to obtain 7-amino-l, 2, 3, 4-tetrahydroisoquinoline-3- (S)- 
carboxylic acid ethyl ester. 

(The preparation of 1,2, 3,4-tetrahydro-7-nitroisoguino- 
line-3 (S)-carboxylic acid is described in US patent 
4,064,274.) 

B. Treat 7-amino-l, 2,3,4-tetrahyoxoisoguinoline-3 (S>- 
carboxylic acid ethyl ester (Step A) (0.1 mole) with benzyl 
alcohol (0.5 mole) and p_-toluenesulfonic acid (0.22 mole) 
in toluene at reflux overnight. Evaporate the solvent 
under reduced pressure to obtain the £-toluenesulfonic acid 
salt of the product. Add this salt to aqueous sodium bi- 
carbonate solution with stirring. Extract the mixture with 
chloroform, dry the extract with magnesium sulfate and 
evaporate the solvent under reduced pressure to obtain 
7-amino-l , 2,3, 4-tetrahydroisoguinoline-3 (S ) -carboxylic acid 
benzyl ester. 

C. Add a solution of 4-chloro-3-sulf amoylbenzoyl chlorid 
(0.1 mole) in tetrahydrofuran to a solution of product of 
Step B in tetrahydrofuran containing triethylamine (0.1 
mole). When the reaction is complete as indicated by thin 
layer chromatography, remove the triethylamine hydrochloride 
by filtration and evaporate the solvent at reduced pressure. 
Purify the residue by chromatography to obtain 7-(4-chloro- 
3-sulf amoylbenzamido) -1 ,2,3, 4-tetrahydroisoguinoline-3 (S ) - 
carboxylic acid benzyl ester. 

D. Cool a solution of N- [1 (S) -carboethoxy-3-phenylpropyl) - 
(S) -alanine (0.01 mole) and the benzyl ester (0.01 mole) 
from Step C in dry dimethylformamide to 0*C. .Add N-m thyl- 
morpholine (0.01 mole) with stirring, then add dropwise, 



0088350 

with stirring, a solution of diphenylphosphoryl azide (0.01 
mol ) in dry dimethylformamide while maintain g the temper- 
ature at 0°C. Stir the reaction for one hour at 0*C and 
overnight at room temperature. Dilute the mixture with 
ethyl acetate and wash with aqueous sodium bicarbonate. 
Dry the organic solution with magnesium sulfate and evapo- 
rate the solvent under reduced pressure. Purify the residu 
by chromatography to give 7- (4-chloro-3-sulf amoylbenzamido) - 
2-|n- ri (S) -carboethoxy-3-phenylpropyl] - (S) -alanylj-l ,2 , 3 , 4- 
tetrahydroisoquinoline-3-(S)-carboxylic acid benzyl ester. 



E. Add a solution of 0.01 mole of the benzyl ester from 
Step D in ethanol to 10% palladium on charcoal (0.5g) in a 
hydrogenation bottle. Hydrogenate the mixture at 60 psi, 
at room temperature until removal of benzyl group is com- 
plete as indicated by thin layer chromatography. Remove 
the catalyst by filtration and evaporate the solvent under 
reduced pressure to obtain 7- (4-chloro-3-sulf amoylbenz- 
amido) -2-{n- [1 (S) -carboethoxy-3-phenylpropyl]- (S)-alanylf - 
1,2,3, 4-tetrahydr6isoquinoline-3 (S ) -carboxylic acid. 

F. Stir a solution of 0.01 mole of the product from Step E 
in water containing sodium hydroxide (0.022 mole) at room 
temperature until the reaction is complete as indicated by 
thin layer chromatography. Add methanol to the reaction 

and then add 0.022 equivalents of Dowex-50(H+) with stirring. 
Remove the resin by filtration and evaporate the solvent 
under reduced pressure. Purify the product by chromato- 
graphy to obtain the title compound. 
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Example 18 

7- (4-Chloro-3-sulfamovlbenzenesulfonamido)-2-^N- [1 (S)- 
carboxy-3-phenylpropyl] - (S) -alanylE-1 , 2 , 3 , 4-tetrahydro- 
isoquinoline-3 (S) -carboxvlic acid 

A. Follow the procedure of Example 17C using 4-chloro-3- 
sulfamoylbenzenesulfonyl chloride in place of 4-chloro-3- 
sulfamoylbenzoyl chloride to obtain 7- (4-chloro-3-sulfamoyl- 
benzoyl chloride to obtain 7- (4-chloro-3-sulfamoylbenzene- 

sulf oamido ) -1 , 2 , 3 , 4-tetrahydroisoquinoline-3 (S ) -carboxylic 
acid benzyl ester. 

B. Couple the product from Step A with N- [1 (S)-carboethoxy- 
3-phenylpropyl]-(S) -alanine following the procedure of Ex- 
ample 17D. Chromatograph the crude product to obtain 

7- (4-chloro-3-sulf amoylbenzenesulfonamido) -2-"{n- [1 (S) - 
carboethoxy-3-phenylpropyl] - (S) -alanylj-1, 2 , 3 , 4-tetrahydro- 
isoguinoline-3 (S) -carboxylic acid benzyl ester. 

C. Subject the benzyl ester from Step B to hydrogenolysis 
as described in Example 17E to obtain 7- (4-chloro-3- 

sulf amoylbenzenesulfonamido) -2— (n- [l.(S)-carboethoxy-3- 
phenylpropy 1] - (S ) -alany 1 J-l ,2,3, 4-tetrahydroisoquinoline- 
3 (S)-carboxylic acid. 



D. Treat the product from Step C with aqueous sodium hydro- 
xide followed by Dowex-50(H+) as described in Example 17F 
to obtain the title compound. 
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Example 19 



5- (4-Chloro-3-sulfarooylbenzamldo)-l-^H- f 1 (S ) -carboxy-2- 



phenylpropyl] - (S ) -alanyl l~octahydro-lH-indole-2-carboxylic 



acid 



A. Following the procedure of Example 17A, substitute 
5-nitroindole-2-carboxylic acid ethyl ester for 1,2,3,4- 
tetraiiydro-7-nitroisoguinoline-3 (S) -car boxy lie acid ethyl 
ester to obtain 5-aminoindole-2-carboxylic acid ethyl ester. 

B. Dissolve 5-aminoindole-2-car boxy lie acid ethyl ester in 
trifluoroacetic acid containing Pt0 2 . Hydrogenate at 60 
psi on a Parr shaker for 24 hours. Distill the trifluoro- 
acetic acid at reduced pressure and dissolve the residue 

in ethyl acetate. Filter and adjust to pH 9 with IN NaOH. 
Dry the organic layer over MgS0 4 and distill the solvent 
at reduced pressure to obtain 5-aminooctahydro-lH-indole-2- 
car boxy lie acid ethyl ester. 



C. Following the procedure of Example 17B, substitute 
5-aminooctahydro-lH-indole-2-carboxylic acid ethyl ester 
for 7 -amino-1 ,2,3, 4-tetrahydroisoguinoline-3 (S ) -carboxylic 
acid ethyl ester to obtain 5-aminooctahydro-lH-indole-2- 
carboxylic acid benzyl ester. 

Analogously following the procedures of Examples 17C, 17D, 
17E and 17F obtain 5- (4-chloro-3-sulf amoylbenzamido )octa- 
hydro-lH-indole-2-carboxylic acid benzyl ester, 
5- (4-chloro-3-sulf amoylbenzamido) -1-^N- [1 (S) -carboethoxy- 
3-phenylpropyl] - (S) -alanyl] -octahydro-lH-indole-2-carboxylic 
acid benzyl ester, 

5- ( 4 -chloro-3-sulf amoylbenzamido) -1-|n- [1 (S) -car bo thoxy- 
3-phenylpropyl] - (S) -alanylj-octahydro-lH-indole-2-carboxylic 
acid and the title compound. 
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Example 20 

r 

5- (4-Chlor o-3-sulf amoylbenzenesulfonamido) -1-4 N- 11 (S)- 
carboxv-3-phen ylpropvH - (S)-alanvl/-octahvdro-lH-lndole- 
2-caroxvlic acid 

5 A. Following the procedures of Example 18A, substitute 5- 
aminooctahydro-lH-indole-2-carboxylic acid benzyl ester 
for 7- amino- 1 ,2,3, 4-tetrahydroisoguinoline-3 (S ) -car boxy lie 
acid benzyl ester and 4-chloro-3-sufamoylbenzenesulfonyl 
chloride for 4-chloro-2-sulfamoylbenzoyl chloride to obtain 
1 0 5- (4-chloro-3-sulf amoylbenzenesulfonamido) -octahydro-lH- 
indole-2-carboxylic acid benzyl ester. 

B. Following the procedures of Examples 17D, 17E and 17F 
obtain 5- (4-chloro-3-sulf amoylbenzenesulfonamido) -1-{n- 
[1 (S ) -carboethoxy-3-phenylpropyl] - (S) -alanyl j-octahydro-lH- 
15 indole-2-caroxylic acid benzyl ester, 

5- (4-chloro-3-sulf amoylbenzenesulfonamido) -l-^N- [1 (s)- 
carboethoxy-3-phenylpropyl) - (s ) -alanylj -octahydro-lH- 
indole-3-carboxylic acid and the title compound. 



Example 21 

20 1-fa- [l(S)-Ethoxvca rbonvl-5- <4-chloro-3-sulf amovl- • 
benzamido ) pentyl) - (S) -alanvl ?»cis . svn-octahvdro- " 
lH-indol e-2 (S) -carboxylic acid hydrochloride 

A. N- [1 (S) -ethoxycarbonyl-5- (benzyloxycarbonylamino) 

pentyl) - ( S ) -alanine . 
25 Dissolve 17g of N- [1 (s) -ethoxycarbonyl-5- (benzyloxy- 
carbonylamino) pentyl] - (S) -alanine, t-butyl ester in 150ml 
of trifluoroacetic acid at 5°C. stir at room temperature 
for .5hr. and then c ncentrate at room temp rature in vacuo. 
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Triturate the residue with th r and dry under vacuum to 
give the title compound.. 

B. l-« [n- [1 (S) -ethoxycar bony 1-5- (benzyloxycarbonylamino) - 
pentyl] - (S) - alanylj -cis , svn-octahydr o- 1H- indole- 2 (S) - 

5 carboxylic acid benzyl ester. 

In 5ml of DMF, dissolve 0.7g of N- [1 (S) -ethoxycarbonyl- 
5- (benzyloxycarbonylamino) pentyl] - (S) -alanine , 0 . 325g of 
cis , syn-octahydro-lH-indole-2 (S) -carboxylic acid benzyl 
ester, 0.24g of 1- (3-dimethylaminopropyl) -3-ethyl- 

10 carbodiimide hydrochloride, and 0.20g of 1-hydroxybenzo- 
triazole. Stir this solution under nitrogen for 18 hr. 
and then concentrate at room temperature in vacuo. Par- 
tition between ether and water. Dry the organic layer 
(MgS0 4 ) and concentrate at room temperature in vacuo to 

15 give the title compound. 

C . 1-^N- [1 (S)-ethoxycarbonyl-5-aminopenty 1] - (S ) -alanylj - 
cis , syn-octahydro-lH-indole-2 (S) -carboxylic acid. 

In 80ml of ethanol dissolve 3.7g of 1-^H-tl (S) -ethoxy- 

carbonyl-5- (benzyloxycarbonylamino) pentyl] - (S) -alanylj - 

20 cis , svn-octahydro-lH-indole-2 (S) -carboxylic acid benzyl 

ester. To this add lg of 20% palladium hydroxide on 

carbon. Hydrogenate this mixture at 60 psi for 18 hr. 

Filter and concentrate at room temperature in vacuo. 

Triturate the oily residue with ether and filter to give 

26 

25 the title compound, m.p. 160°C (decomp.), [a] D -40.7° 
(MEOH) . 

D. l-^K-tl(S)-ethoxycarbonyl-5-(4-chloro-3-sulfamoyl- 
b en zamido) pentyl] - (S) -alanyl} -cis ,syn-octahydro-lH- 
indol -2 (S) -carboxylic acid hydrochloride. 

30 Dissolve 0.7g of 1-^N- [1 (S) -ethoxycarbonyl-5-aminopentyl] - 
( S) -alanylj -cis , syn-octahydro-lH-indol -2 (S)-carb xylic 
acid and 0.4g of triethyl amine in 40ml of tetrahydro- 
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furan and cool to 5°C. To this solution add dropwis a 
solution of 0.48g of 4-chloro-3-sulfamoylbenzoyl chlorid 
in 20ml of tetrahydrofuran. Stir for 1 nr. at 5°C and 
1 hr. at 25 °C. Filter and concentrate in vacuo. Dis- 
solve the residue in 200ml of dichloromethane and acidify 
with HCl-gas. Decant and triturate the residue several 
times with dichloromethane to give the title compound, 

D 



m.p. 185°C, [a]^ 6 -20° (MEOH) . 



Example 22 



-^N- [1 (S) -Ethoxvcarbonvl-5- ( 4 -chloro- 3 -sulf amovlbenz- 



amido) pentvll - (S) -alanvl I— cis , s vn-octahvdro-lH- indole- 



2 (S) -carboxylic acid 

A. N- [1 (S) -ethoxycarbonyl-5- (benzyloxycarbonylamino) 
pentyl)-(S) -alanine, t-butyl ester. 

Dissolve 60g of Ne-benzyloxycarbonyl- (S) -lysine, ethyl 
ester and 90g of t-butyl bromopropionate and 22g of tri- 
ethylamine in 200ml of DMF. Heat this soution at 70 °C 
for 18 hr. Concentrate in vacuo and dissolve the residu 
in ethyl acetate. . Wash organic layer with water and 
brine. Dry organic layer (MgS0 4 ) and concentrate in vacuo , 
Chromatograph the residue on silica gel (100-200 mesh) 
using ether : hexane (1:1) as solvent. Elute SR-isomer 
and then the title compound. Thin layer chromatography 
in ether : hexane 1:1 shows the SR-isomer at 0.2 and the 
SS- isomer at 0.1 



B. N- [1 (S) -ethoxycarbonyl-5-aminopentyl] - (S) -alanin 
t-butyl ester. 

Dissolve lOg of N-[1(S)- thoxycarbonyl-5- (benzyloxy- 
carbonylamino) pentyl]- (S) -alanine, t-butyl ester in 40ml 
of ethanol. Add 3.0g of 20% palladium hydroxide on 
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carbon. Hydrogenate at 60 psi for 18 hr. Filter and 
concentrate in vacuo to give title compound. 

C. N-[l (S) -ethoxycarbonyl-5- ( 4 -chloro- 3 -sulf amoy lbenz - 
amido)pentyl]-(S) -alanine, t-butyl ester. 

•5 Dissolve l.Og of N- [1 (S) -ethoxycarbonyl-5-aminopentyl] - 
(S) -alanine, t-butyl ester in 50ml of THF. Add 0.3g of 
triethylamine * Cool to 5°C under nitrogen. Add, drop- 
wise, with stirring a solution of 0.8g of 4-chloro-3- 
sulfamoyl benzoyl chloride in 30ml of THF. Warm to room 

10 temperature and stir for 10 hr. Filter and concentrate 

in vacuo. Dissolve residue in ethyl acetate and wash with 
water and brine. Dry organic layer (MgSO^) and concen- 
trate in vacuo to give the title compound. Purify by 
chromatography on silica gel using ethyl acetate as eluant. 

15 D. N[l (S) -ethoxycarbonyl-5- (4-chloro-3-sulf amoylbenz- 
amido) pentyl] - (S) -alanine, hydrochloride. 
Dissolve 0.75g of N-[l (S) -ethoxycarbonyl-5- (4 -chloro-3 - 
sulfamoylbenzamido) pentyl] -(S) -alanine, t-butyl ester in 
10ml of dioxane saturated with HC1 gas. Keep at room tem- 

20 perature 18 hr. Concentrate in vacuo and triturate the 
residue with ether to give title compound; 

E. 1-|n- [1(S) -ethoxycarbonyl-5- (4 -chloro-3-sulf amoylbenz - 
amido) pentyl] - (S) -alanylj -cis , syn -octahydro-lg-lndole- 
2 (S)-carboxylic acid, benzyl ester. 

25 In 20ml of DMF dissolve 0.75g of N- [1 (S) -ethoxycarbonyl- 
5- (4-chloro-3-sulf amoylbenzamido) pentyl- (S) -alanine HCl , 
0.39g of cis , syn -octahydro-lH-indole-2 (S) -carboxvlic acid 
benzyl ester, 0.40g of 1- (3-dimethylaminopropyl) -3-ethyl- 
carbodiimide HCl, 0.23g of 1-hydroxybenzotriazole and 0.15g 

30 of N-m thyl morpholin . Stir under nitrogen for 18 hr., 
concentrate at room temperature (0.03 mm) and partition 
residu between ethyl acetat and water. Dry organic 
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lever (McSO^) and concentrate in vacuo to give an oil. 
Chroma to graph the oil bn silica gel using ethyl acetate 
as eluant to give the title compound. - 

T . 1-|k- fl (S) -ethoxycarbonyl-5- U-ehloro-3-sulf amoyl- 
benzamido)pentyl) - (S) -alanyl j-cis , syn-octahydro-lB-inntO o- 
2 (S)-cg.rboxylic acid. 

Dissolve O.OSg of [1 (S) -etboxycarbonyl-5- (4 -cbloro- 

3-sulf amoylbenzsiaido)pentyl- (S) -alanyl) - cis , syn-octahvcro- 
lE-indole-2(S)-carboxylic acid benzyl ester in 5ml of 20% 
EBr in glacial acetic acic and allow to stand for 4 fax. 
Concentrate at room temperature (0.03 mm) and triturate with 
ether to yield product in the fcrs of its bydrobromide 
salt. Generate the free base by dissolving the hydrobro- 
mide salt in 20% aqueous ethanol and absorbing on a 
15 strongly acidic ion exchange ccluca (3io-Rac AG 50v-xz) . 
Zlute with pyridine : vreter 4:56 and concentrate eluant 
i£ vacuo to yield title compound. Generate BC1 salt of 

title compound by adding title compound to dichloromethan 
and HC1 gas tc give title compound in the fori* of its 
20 hydrochloride. jr.. p. 185 e C |e)* 6 -20 e (MSOH) . 
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Example 23 

Treat .the benzyl ester from example 17-C with N-carbo- 
benzoxy-alonine-K-hydroxysuccinimide ester (0.10 mole) 
in cimethylformamide at room temperature. When the 
reaction is complete as indicated by thin layer chroma- 
tography, evaporate the solvent at reduced pressure. 
Add ethyl acetate and wash with aqueous sodium bi- 
carbonate solution. Dry the organic solution with 
magnesium sulfate and evaporate the solvent at reduced 
pressure. Purify the residue by chromatography. Dis- 
solve this product in ethanol and add the solution to 
10% palladium on charcoal Cl.Og) in a hydrogenation 
bottle. Bydrogenate the mixture at 30 psi, until the 
reaction is complete as indicated by thin layer chroma- 
tography. Filter the mixture and evaporate the solvent 
at reduced pressure to give 7- U-chloro-3-sulf amoyl- 
benzamido) -2- US) -alanyl] -1,2,3, 4-tetrahydroisoouinoline- 
3(S)-carboxylic acid. Dissolve 7- U-chloro-3-sulf amoyl- 
benzamido) -2- [ (S) -alanyl) -1,2,3, 4-tetrahydroisoouinoline- 
3<S)-carhoxylic acid (0.10 mole) in 100ml -of absolute 
ethanol and add 2-oxo-4- P heaylbutyric acid, ethvl ester 
(0,30 mole). Add 50ml of 3 Angstrom molecular sieve, - 
pellets and stir the resulting mixture at room temper- 
ature for 18 hrs. Filter the mixture and treat the 
filtrate with sodium cyanoborohydride (0.30 mole) at 
room temperature for 2 hrs. Concentrate the mixture 
under reduced pressure, dilute the oil with dilute 
hydrochloric acid and stir at room temperature for one 
hour. Absorb the aqueous solution on XAD-2 resin 
(Rohm * Haas Co.). Elute the resin with water and then 
with m thanol. Concentrate the m thanol solution and 
purify the residue by chromatography to obtain 
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7- (4-Ohloro-3-Su lf amovlbenzamido) -2- K- fl is)- 
Carboethoxv-3-ghen vlpropvl3- (S)-idaavl -1,2,3,4- 
Tetrahvdroisocniinoli ne-3- (SI -Carboxylic Acifi 
Example 24 

Add ethyl 2-bromo-4-phenylbutanoate (0.10 mole) to a 
solution of 7-(4-chloro-3-sulfamoylben2amido-2-[(S)- 

alanyl) -1,2,3, 4-fcetrafaydrosioquinoline-3 (S) -eaxboxylie 
acid (0.10 mole) and triethylamine (0.20 mole) in 200ml 
of dimetbylformaaide and heat the mixture at 70°C for 
18 hrs. Remove the solvent at reduced pressure and 
purify the residue by ion-exchange chromatography to 
give the product as a mixture of diostereoisoaers . 
Purify this mixture by chromatography to obtain 
7- (4-Chloro-3-Sul famovlbeh2amido)-2- K-fi (si- 
Carboethoxv-3-Phenvlr> ropvl 1 - (S ) -Alanvl -1.2.3.4- 
Tetrahvdroisoguinoline-3- IS) -Carboxvlle * 



JBxample 25 

1-{n- fl (S) -ethoxycarbonyl-5- (3-hydroxy-3- (4-chloro- 
3-sulf amoylphenyl) phthalimidine-2-yl) pentyl] - (s ) - 

£la7 1 ylJ-c^ / svn-octahydro-lH-indole-2 (S) carboxylic 
acid. 

Dissolve 3. .4 S (0.01 mole) of 3-bydroxy-3- (4-chloro- 
3-sulfamylphthalilimidine, 4c (0.01 mole) of 1-{ N - 
fl (S)-ethoxycarbonyl-5-amino-pentyl)- (S) -alanyl J- 
c^,syn-octahydro-lE-indole-2-(S) carboxylic acid and 

2g (O.Olg) of p-toluenesulf onic acid monohydrate in 
10ml of K,N-dimethylformamiQe. Stir at 25'C for 2 days 
then concentrate at room temperatur under vacuum. 
Chromatograph the crude product on an acid ion exchang 
column (Dowex-50) using water followed by 4% agu ous 
pyridine followed by chromatography on Sephadep LH-20 
(m thanol) to obtain the product. 
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Example 26 

I 1 (s J -ethoxycaxbonyl-5- r7-chloro-4-oxo-6- " 
sulfamyl-2-phenyl-l, 2 , 3 ,4-tetrahydro guina 2 olin-3- 
yljpentyl] - <S) -alM^lJ^.^-ortalvaro-a^iadol^ 
2(S) carboxylic acid hydrochloride. ~~ 

Dissolve 3.8g (0.01 mole) of 6-chloro-7-sulf amyl- 
isotoic anhydride and 4g (0.01 mole) of l4l?-[l(S)- 
ethoxycarbonyl-5-aminopentyl) - (S) -alanvlj-ks ,svn- 
octahydro-lE-indole-2- (S) -carboxylic acid in 20ml of 
pyridine, stir mixture until gas evolution stops (3 hrs) 
Concentrate at room temperature under vacuum, "chroma- 
tograph the crude product on an acid ion exchange column 
(Dowex-50) using water followed by 4% aoueous pyridine 
to obtain [1 (S) -ethoxycarbonyl-5- [ [4-chloro-2> 

amino-5-sulf amylphenyl) carbonyl) amino] pnetyl) - (S) alanyl/- 
cis,s^-octahydro-lE-indole-2 (S) carboxvlic acid. HC1 
saltm.p. l80'C(d) [ajj 6 -i6.6- (methanol C* 0 .7) 

Dissolve the above intermediate in 20ml of acetic acid 
and add 2g (0.02 mole) of benzaldehyde . Stir for 3 days 
anc concentrate at room temperature under vacuum. 
Chromatograph the residue on a strong acid on exchange 
column (Dwex-50) using water followed by 4% aoueous 
pyridine. Concentrate under vacuum and dissolve the 
residue in ethanol ether. Crucify with HCi eras and 
dilute with ether to cause the product to precipitate 
as a white solid, m.p. 180°C(d) 

Th following compounds exemplify the compounds of formula 
I, which can be prepared according to the described 
processes and the examples, other est rs and th 
corresponding free acids ar equally important. 
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Th following examples of formulation describe in detail 
compositions that are illustrative of the present in- 
vention. It will be apparent to those skilled in the art 
that many modifications/ both of materials and methods, 
may be practiced without departing from the purpose and 
intent of this disclosure. 

In the formulation - examples the active ingredients are 
as follows: 

Active ingredient A: 

l-{Na- [1 (S) -ethoxycarbonyl-3-phenylpropyl] -Ne- [ (4-chloro- 
3-sulf amoyl) benzenesulf onyl] - (S) -lysyl j- cis , syn -octahydro- 
1H- indole- 2 (S) -carboxylic acid. 

Active ingredient B: 

1-[n-[1 (R) -carboxy-2- [S- ( (3- (6-rchloro-3,4-dihydro-7-sulf- 
amoyl-1 , 2 , 4-benzothiadiazinyl-l , 1 -dioxide) methyl) ) thio] 
ethyl] ] - (S ) -alanyl]- cis , syn- octahydro-lH-indole-2 (S) - 
carboxylic acid. 

Active ingredient C: 

7- (4-chloro-3-sulfamoylbenzamido) -2-^N- [1 (S) -carboethoxy- 
3-phenylpropyl] - (S) -alanyl] -1 , 2 , 3 , 4-tetrahydroisoquinolin - 
3 (S) -carboxylic acid. 
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Formulation 1 

P a P sule Amount frog) 

Active ingredient A 250.0 «- 125.0 

Lactose 173.0 86.5 

Corn Starch 75 . 0 37 . 5 

Magnesium Stearate 2.0 1.0 

500.0 250.0 
Blend the active ingredient, lactose and corn 
starch until uniform* then blend the magnesium stearate 
into the resulting powder. Encapsulate the mixture into 
suitably sized two-piece hard gelatin capsules. 

Formulation 2 
Tablet ■ Amount (mg) 

Active ingredient a 250.0 



Lactose 

Corn Starch 12.0 



125.0 

161.0 80.5 
6.0 



Water (per thousand tablets) 120 ml 60 ml 

(evaporates) (evaporates) 
Corn starch 75 . 0 3?#5 

Magnesium Stearate 2.0 1.0 

500.0 250.0 
Blend the active ingredient with the lactose 
until uniform. Blend the smaller quantity of corn 
starch with the water and add the resulting corn starch 
paste, then mix until a uniform wet mass is formed. Add 
the remaining corn starch to the remaining wet mass and 
mix until uniform granules are obtained. Screen the 
granules through a suitable milling machine, using a 3/4 
inch stainless steel screen. Dry the milled granules in 
a suitable drying oven until the desired moisture 
content is obtained. Mill the dried granules through a 
suitable milling machine using a 16 mesh stainless steel 

screen. Blend in the magnesium stearate and compress 
the resulting mixture into tablets of d sired shape, 
thickness, hardness and disint gration. 
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Formulation 3 



Injectable Solution mg/ml 

Active ingredient A 5. 00 

Methyl £-hydroxybenzoate 0.80 

5 Propyl jg-hydroxybenzoate 0.10 

Disodium Edetate 0.10 

Citric Acid Monohydrate 0.08 

Dextrose 40. o 

Water for injection qs. ad. 1.0 ml 



10 Dissolve the £-hydroxybenzoates in a portion 

of water for injection at 60-70°C and cool the solution 
to 25-35°C. Charge and dissolve all other excipients 
and the active ingredient. Bring the solution to final 
volume, filter it through a sterilizing membrane and 

15 fill into sterile containers. 
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Formulation 4 
Capsule Amount (ing) 

Active ingredient B 250 . 0 m ^ 

Lactose ... A 

173.0 86.5 



5 Corn Starch 75 0 

Magnesium Stearate 2.0 



37.5 
1.0 

500.0 250.0 



Blend the active ingredient, lactose and corn 
starch until uniform, then blend the magnesium stearate 
10 into the resulting powder. Encapsulate the mixture into 
suitably sized two-piece hard gelatin capsules. 



Formulation 5 

Tablet 



Amount (ma ) 



Active ingredient B 2 50.0 
15 Lactose 

Cornstarch 12 . 0 ^ 

Water (per thousand tablets) 120 ml 60 ml 



125.0 
161.0 80.5 



Corn Starch 
20 Magnesium Stearate 



(evaporates) (evaporates) 

75.0 37.5 

2 -0 1.0 

500.0 250.0 



Blend the active ingredient with the lactose 
until uniform. Blend the smaller quantity of corn 

25 11T T the water and add the resultin * C0 " St «<* 

25 Paste, then mix until a uniform wet mass is formed. Add 
the remaining corn starch to the remaining w t mass and 
mix until uniform granul s are obtained. Scr en th 
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granul s through a suitable milling machine, using a 3/4 
inch stainless steel screen. Dry' the milled granules in 
a suitable drying oven until the desired moisture 
content is obtained. Mill the dried granules through a 
suitable milling machine using a 16 mesh stainless steel 
screen. Blend in the magnesium stearate and compress the 
resulting mixture into tablets of desired shape, 
thickness, hardness and disintegration. 



. . Formulat ion 6 
10 Injectable Solution •"" — = - 



mg/ml 



Active ingredient b 5,00 

Methyl p_-hydroxybenzoate o.80 

Propyl £-hydroxybenzoate q.IO 

Di sodium Edetate 0#10 

15 Citric Acid Monohydrate 0 .08 

Dextrose 40> * 0 

Water for injection qs. ad. 1.0 ml 

Dissolve the p_-hydroxybenzoates in a portion of 
water for injection at 60-70'C and cool the solution to 
20 25-35-C. Charge and dissolve all other excipients and 
the active ingredient. Bring the solution to final 
volume, filter it through a sterilizing membrane and fill 
into sterile containers. 
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Formulation 7 

Capsule Amount (mol 

Active ingredient c 250.0 
Lactose 
'Corn Starch 

Magnesium Stearate ' . ' 2. 0 



125.0 

173.0 86.5 
75.0 ... 37.5 



1.0 



10 



500.0 250.0 
Blend the active ingredient, lactose and corn starch 
until uniform; then blend the magnesium stearate into the 
resulting powder. Encapsulate the mixture into suitably 
sized two-piece hard gelatin capsules. 



Formulation 8 

Tablet 

Active ingredient C 
15 Lactose 

Corn Starch 

Water (per thousand tablets) 

Corn Starch " 
20 Magnesium Stearate 



""Amount 


(TO) 


250.0 


125.0 


161.0 


80.5 


12.0 


6.0 


120 ml 


60 ml 


(evaporates) 


(evaporates) 


75.0 


37.5 


2.0 


1.0 


500.0 


250.0 



■ j w ** w w^w« vuc aaciose .until 

uniform. Blend the smaller quantity of corn starch with 
the water and add the resulting corn starch paste, then 

25 mix until a uniform wet mass is formed. Add the 

remaining corn starch to the remaining wet mass and mix 
until uniform granules are obtained. Screen the granules 
through a suitable milling machine, using a 3/4 inch 
stainless steel screen. Dry the milled granules in a 

30 suitable drying oven until the desired moisture content 
xs obtained. Mill the dried granules through a suitabl 
milling machine using a 16 mesh stainless steel screen. ' 

Blend in the magnesium stearate and compress the 
resulting mixture into tablets of desir d snap , 
35 thickness, hardness and disintegration. 
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Formulation 9 



Injectable Solution 
Active ingredient c 
Methyl p-hydroxybenzoate 



rog/ml 



5.00 
0.80 
0.10 



5 .Propyl pj-hydroxybenzoate 
Disodium Edetate 
Citric Acid Monohydrate 
Dextrose 

Water for injection qs. ad. 



40.0 



0.08 



0.10 



1.0 ml 



10 Dissolve the p-hydroxybenzoates in a portion of water for 
injection at 60-70 *C and cool the solution to 25-35 'C. 
Charge and dissolve all other excipients and the active 
ingredient.- Bring the solution -to' final -volume; filter 
it through a sterilizing membrane and fill into sterile 

15 containers. 
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We claim: 

1) A compound of the formula 



OH 
CO 



R 4 — CH 2 C — NK— — CE — C — N— -C COOH (I ) , 

i 1 Jl i 2 

R 0^ 

the pharmaceutical^ acceptable esters thereof and the 
5 pharmaceutically acceptable salts of the foregoing, 
wherein 

12 

R and R independently are hydrogen or lower alkvl- 
tne group — k — C — is one of the structures II to VHI 




II 



10 

IH 
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one of R 3 , r 4 and R 5 is a group Z-(CH 2 ) 0 _ g -, wherein Z 
has one of the following values Z^o Z 1 ^: 



I 1 . 



R 11 HNS0 




I 

0 — N — 



IX 



2 2 : 



R 11 HNS0 




I 

°2 — V — 



R 13 "HNS0 




XI 



2 : 



11 
R HNSO 




W 2 




N- 

H "CH 2 S- 



xrr 



Z 5 : 



11 

R HNSO, 




xm 
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11 ' 
R AJ "HNSO, 




2 



xvxn 



8 

wherein R is CI or CF 



3' 



6 



R is hydrogen or halogen; 

R 7 is hydrogen, halogen, carboxy , hydroxy or amino; 
9 . io 

R and R are independently hydrogen, lower alkyl or faalo- 

9 

lower alkyl and- R can also be phenyl or phenyl lower 
alkyl; 

R 11 is hydrogen or lower alkyl; 
12 

R is hydrogen, lower alkyl or phenyl lower alkyl; 
whereby when R 3 is the group Z-(CE 2 ) 0 _ g -, then 



R is lower alkyl, benzyl, benzyloxy, benrylthio, phenoxy, 



R is hydrogen; ana the group -R - C- is one of the structures n to 




or phenylthio, 

~5 ^ 




VHI; 
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and when R 4 is the group Z-(CE 2 ) 0 _ 6 - f then 

A 4 is I 1 -^)^, Z 2 MCE 2 ) 0 _ r , Z 3 -(CH 2 ) 0 _ 6 -, 

z4 - (CE 2 J 0 -6-' * 5 -«=2>0-^ 2 6 -(CE 2 ) 0 . r , 2 7 -(CH 2W , 

z8 - (CH 2 ) 0-6-' ^-l^O-S- ° r * 10 - CCH 2)o.6- " id 

R is hydrogen, lower alkyl or amino lower alkyl and 

R is hydrogen; and the group -H - C- is one of the structures n to 

vm? ' 



and when R 5 is the group Z-tCH^g-, then R 5 is Z 1 , z 2 , 
z 3 , Z 4 , Z 5 , z 6 , z 7 , z 8 , z 9 or Z 10 , 

R 3 is hydrogen, lower alkyl or amino lower alkyl and 
4 

R is lower alkyl, benzyl, bsnzyloxy, behzylthio, phencxy or phenyl- 

thio? f&r* 5 

the group -N - C- is one of ,the structures II to VH^ 
preferably being in the form of. the free di-carbonic 
acid or in the form of its aklyl ester, the alkyl group 
containing 1 to 6 carbon atoms, especially in the form 
of its monoester wherein the carboxy group attached to the 



group 



-N - C- is in the free form. 



preferably all former compounds being the stereoisomer 
in which the absolute configurations at each of the three 
carbon atoms bonded to both a nitrogen and a carbonyl 
group corresponds most closely to the absolute configur- 
ation of L-aminoacids . 
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2) A compound according to claim 1, wherein R 4 is a 
group 2-(CH 2 ) 0 _ 6 - as defined in claim 1, wherein Z pr - 
ferably is Z 1 , Z 2 , Z 3 , z 5 , Z 7 , Z 8 , z 9 or Z 10 ; 

R 4 preferably being Z 1 -(CH 2 ) 2 Qr . 3 - f Z 2 -(CH 2 ) 2 Qr 
z3 - (C V2 or 3-' z5 - (CH 2^2 or 3~' ^'^2 or 3"' 

and wherein preferably the group 

-N - C- is the group of formula n; XV (wherein B is a 
saturated ring) or vm , . preferably R 5 being hydrogen. 



3) K compound according to claim l.or 2, wherein R 1 and 
R are hydrogen, and/or when Z is of the formula IX, X or 
XI R 6 is hydrogen and R 7 is hydrogen or hydroxy, and/or 
when Z is of the formula XIII or XIV R 9 and R 10 are 

independently hydrogen or methyl, and/or R 8 in the de- 
finition of the moiety Z is chloro, and/or R 3 is methyl. 
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4) A compound according to claim 1 or 2, wherein R 1 
and R^ are hydrogen, the group 

-U - C- is the group of formula IV, wherein S is a satu- 

rated ring and R is hydrogen, R 4 is Z^CH ) - or 

2 g 2 3 * 

Z -(CIL^-, wherein R is hydrogen, R 7 is hydrogen or 

hydroxy, and R is chloro; and R 3 is methyl, 
preferably being 

1-{n- [1 (S)-ethoxyearonyl-5- {4-chloro-3-sulf amoyl) - 
benzenesulfonaminopentyl] - (S)-alanylj-cis,syn- 
octahydro-lH-indole-2 ( S ) -carboxylic acid, 

1-^N- [1 (S) -ethoxycarbonyl-5- (4-chloro-3-sulf amoyl) - 
benzamidopentyl] i- (S) -alanylj-cis, s^i-octahyaro-ls- 
indole-2 (S) -carboxylic acid f or 

1-(n- [1 (S) -ethoxycarbonyl-5- (4-chloro-2-hydroxy- 
5-sulf amoyl) -benzamidopentyl) - (S ) -alanylj -cis , syn- 
octahy dro- 1H- indole- 2 (S) -carboxylic acid. 



1-iN-tl (S) -CARBOXY-5- [ [ ( 4 - CHLORO - 2 -HYDROXY - 5 - S ULFAMOYL 

PHENYL) ^ONrL]AMINO]PENTYL]-(S)-ALANYL}-CIS,SYN- " 

OCTAHYDRO-1H-INDOLE-2 (S ) -CARBOXYLIC ACID, 

1-{n- [1 ( S ) -CARBOXY-5- [ [ (4 -CHLORO- 3- (N -METHYL S ULFAMOYL) 

PHENYL] CARBONYL] AMINO ] PENTYL] - (S ) -ALANYlI -CIS SYN- 

OCTAHYDRO-1H-INDOLE-2 (S ) -CARBOXYLIC ACID, 

1-{N-[1 (S ) -CARBOXY-5- [ [ (4-CHLORO-3-SDLFAMOYL PHENYL) 

CARBONYL] AMINO ] PENTYL ] - (S ) -ALANYLJ-CIS , SYN-OCTAHYDRO— 

1H-INDOLE-2 (S ) -CARBOXYLIC ACI^ 
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in th fr form or in the form of its ester, preferably 
in the form of its mono-or-di-ethyl ester. 

5) A compound according to claim 1, wherein R 3 is a 
group Z-(CH 2 ) 0 _ 6 - as defined in claim 1, preferably 
Z 1 -^)^, Z 2 -(CH 2 ) 4 -, Z 3 -(CH 2 ) 4 -, Z 4 -CH 2 -, 
z5 ' (CH 2)r' Z 6 -(CH 2 ) 4 -, Z 7 -(CE 2 ) 4 , Z 8 -(CH 2 ) 4 -, 
Z 9 -(CE2) 4 - or Z 10 -(CE 2 ) 4 - , and wherein the group 

-N - C- is preferably the group of formula II, IV 
(wherein B is a saturated ring) or VIII. 

6) A c ompound according to claim 5, wherein R 1 and R 2 
are hydrogen, and/or Z is of the formula IX, x"ot~XI,'r 6 ~ 
is hydrogen and R 7 is hydrogen or hydroxy, and/or when 

Z is of the fonnvla XIII or XIV R 9 and R 10 are independ- 
ently hydrogen or methyl, and/or R 8 in the definition of 

the moiety 2 is chloro, and/or R 4 is benzyl or ethyl. 



7) A compound according to claim 5, wherein R 1 and R 2 



5 



PC 

are hydrogen, the group -K - c- is the group of formula 
IV, wherein B is a saturated ring and R 5 is hydrogen, 
R 3 is * 1 -(ca 2 ) 4 - or Z 2 -(CE 2 ) 4 - ; wherein R 6 and R 7 axe 
hydrogen, and R 8 is chloro, and R 4 is benzyl, 
preferably being 
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l-^Nc- [1 (S) -ethoxyearbonyl-3-phenylpropyl) -N e- [ (4-chl ro- 
3-sulf amoyl) benzenesulf onyl] - (S) -lysylj -cis , syn - 
octahydro-lIJ-indole-2 (S) -carboxylic acid or 

[1 (S) -ethoxycarbonyl-3-phenylpropyl) -be- 
t (4-chloro-3-sulfamoyl) benzoyl- (S) -lysylj^ -cis , syn - 
octahydro-lS-indole-2 (S) -carboxylic acid 

in the free form or in the form of its ester, preferably 
in the form of its mono-or-di-ethyl ester. 



8) A compound according to claim 1, wherein R is a 
croup Z- (CH 2 ) 0 _ g - as defined in claim 1, preferably 
being Z 1 , Z 2 , Z 3 r Z 5 , Z 7 , Z 8 , Z 9 or Z 10 ; wherein the 
group /TV r5 



-N - C- is preferably the group of formula II , VI 
(wherein B is an aromatic ring), or IV (wherein B is a 
saturated ring) , preferably 





— N C— , — N C- or - 




9) A compound according to claim 8, wherein R 1 and R 2 
are hydrogen, and/or when Z is of th formula IX, X or 
XI R 6 is hydrogen and R 7 is hydrogen or hydroxy, and/or 
when Z is of the formula XIII or XIV R 9 and R 10 are 



-125- 0088350 

g 

independently hydrogen or m thyl, and/or R in the de- 
finition of the moiety Z is ehloro, and/or R 3 is methyl 

4 

and/or R is benzyl or" ethyl^ 

/ 

the compound preferably being 
5 7-(4-chloro-3-sulfamoylbenzamido)-2-|N-ri(S)- 

ethoxycarbonyl-3-Fbaylpropyl] - (S) -alanylj - 
1,2,3, 4-tetrahydroisoguinoline-3 (S) -carboxylic 
acid or the corr esponding 1-S-carbo^-compound. 

10) Process for the preparation of a compound of formula 
10 I as defined in any one of claims 1 : to 9, characterized 
in that the compound is prepared by an appropriate process 
selected from the following processes a to i: 
a) for the preparation of a compound of formula I, wherein 
R 1 is hydrogen: condensation of a ketocompound (XIX) with 
a depeptide (XX) under reduction 

^ io r 3 /^T R 

* 4 "CH 2 -C = 0 + H 2 N-CE-C-K - C-COPr ^ lf 

0 

XIX XX 



R 2 



2 3 4 5 
wherein A, R , R , R and R are as define above and Pr 

stands for a free or a protect d hydroxy group; 

b) alkylation of a dipeptide (XX) by m ans of a compound 

of formula (XXI) under basic conditions 
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I 3 
CO R 



t I | 

R -CH 2 -C-X + H-N-CE-C-N - C-COPr 

i 2 II I 

XXI XX 
wherein X is chloro, bromo, iodo, alkanesulfonyloxy or 
arenesulfonyloxy, A, R 1 ,.* 2 - R 3 , R 4 , r 5 are as defined 
above for compounds of formula I and Pr stands for a free 
or protected hydroxy group; 

c) condensation of an aminoacid (XXII) with an aminoacid 
(XXIII) in the presence of a condensing agent 

R " GE 2" < ?" NE ~ < r" C00E + HN - C-COPr } j 

I 1 E & 

xxn , xxm. 

wherein A, R 1 , r 2 , r 3 -, r<, r 5 ^ ftg defin#fl fQr 
compounds of formula I, and Pr stands for a free- or protected 
(e.g. by esterifi cation) hydroxy group. 

d) condesation of an amino compound (XXIV) with a keto- 
compound (XXV) 



Pr 

CO R 



R ~ CH 2" i ^2 + 0 ° C-C-N - C-COPr > j 



O 12 
TBS JOG? 
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under th conditions described for proc ss a wherein A, 

R^» R^# R^f R^ are as defined above for compounds of 
formula I and Pr stands for a free or protected (e.g. by 
esterification) hydroxy group; 

e) alkylation of an amino compound (XXIV) by means of a 
compound (XXVI) 



co r rc^~* 



. Pr 1 

R -CH.-C-NH- + X-CH-C-N - C-COPr __ 

XXIV XXVI 
wherein X is chloro, bromo, iodo, alkanesulf ©nyloxy or 
arenesulfonyloxy, A, R 1 , R 2 , R 3 , r 4 , r 5 are as defined 
above for compounds of formula I and Pr stands for a free 
or protected (e.g. by esterification) hydroxy group, under 

the conditions described for process b; 

f) for the preparation of a compound of formula I, 

wherein one of R 3 , R 4 and R 5 is a group Z-(CH.) 

wherein Z is Z 5 , Z 6 , z 7 z 8 , z 9 or Z 10 , preferably Z 7 , z 8 
9 

or Z : condensation of a peptide of the general formula 

(XXX) with a compound containing the desired 

group (XXXI) 
Pr 

W -CH 2 -C-NH-CK-C-N - C-COPr + W 6 H > j 

I 1 * ** 
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1 2 

wherein R , R and A are as defin d for formula I, Pr is 

3 4 5 

a protected hydroxy group w , W and \T are defined lik 
34 5 

R , R and R respectively with the difference that on 
34 c 

of W , W and w contains an NHj -group instead of the 
respective Z 5 to Z 10 -group; and W 6 is Z 5 , Z 6 , Z 7 , z 8 , Z 9 
or Z^; 

g) for the preparation of a compound of formula I, 

wherein one of R 3 , R 4 and R 5 is a grouc Z- (CE_) -, 
1 2 3 - —2 0-6 ' 

wherein Z is Z , Z or Z : condensation of a peptide f 

formula XXXII with an appropreately substituted compound 
of formula XXXIII 



Pr 

I 

CO 



? 7 /aV* 9 



8 I I / \ • 1ft 
W -CE 2 -C-NB-CE-C-N - C-COPr + W 10 -C1 - ^ I 



i 1 0 k* 

XXXII XXXIII 
1 ' 2 

wherein R , R and A are as defined for formula I, Pr is 

a protected hydroxy group, K 7 , w 8 and W 9 are defined lik 
345 

R , R and R respectively, with the difference that on 
of W , w and W contains an NE^ -group instead of the 
respective Z 1 , Z 2 or Z 3 group, and W 10 is 

H 2 NS0 2 /CO— H 2 NS V °2 ,S0 2 - E 2 KS X °2 






XXXIV XXXV XXXVI 
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h) fox the preparation of a compound of formula I, 

3 4 ' J 5 

wherein one of R , 8 and R is a group Z^lC^lQ.g-r 
4 

wherein Z is Z : condensation of a peptide of formula 
(XXXVII) with a 3 halomethylbenzothiadiazine (XXXVII I) 



V I 



* B '' J ^^K^eL— Bal 

a * 



*r -CE 2 -C-KE-CE-C-N - C-COPr • 

i 1 0 i 2 

wherein R~, R and a are as defined for formula I, ?r is a 

protected hydroxy group, W 11 , W 12 and V? 13 are defined like 
34.5 

R , R and R respectively with'the difference that one of 

11 12 13 
W , W and W contains a -SB-group instead of the re- 
spective Z 4 -group, and Bal is halogen, preferably chloro; 
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i) for the preparation of a compound of formula I, 

3 4 5 
wherein one of R , R and R is a gr up Z-(CE^) 

wherein Z is Z 5 or Z 6 : condensation of a peptide of 
formula XXXIX with a compound of formula XXXX 

Pr W 16 

V -CS 2 -C-KH-CB-C-K - C-COPr + Y t 

il S U CH,0/V° * 



xxm xxxx 

*2 ,9 „10 



wherein R , .R , r 9 , R and A are as defined for formula I, 
Pr is a protected hydroxy croup, w 14 , K 15 and v 16 axe d - 
fined like R 3 , R 4 and R 5 respectively with the difference 
that one of w 14 , ^ ^ ^ ceataias ^ 



»2 

XXXXI 

5 _ .6 



or R 8 nb 2 



XXXXI e» 

instead of the group Z 5 or Z 6 respectively; . 



r !vlff"' 



followed by removal of the protecting groups, if necessary, 
to yield the desired product, and if desired, converting 
a so obtain d compound of formula I into its ester and/or 
setting fr e the compound of formula 2 from its ester r 
pr paring a salt th reof and, if d sir d, isoiarxng m 
pr f erred isomer. 
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11) A pharmaceutical composition comprising a compound 
of the general formula I or pharmaceutical^ acceptable 
salt or ester thereof as defined in any one of claims 1 
to 9 or obtained according to a process of claim 10. 




wlae re in preferably 



N C — ■ 3-S group od 

saturated ring) or VII] 



3 > Process according -fc 
sl compoxind is pren 



hydrogen „ and/or when z 
is hydrogen and R 7 is h : 
is of the formula XXXI < 
hydrogen or methyl „ and/ 
10 moiety Z is chloro, and/ 



4 > Process according to 
that a compound is prepa 
hydrogen, the group 
-R 5 




151 C— is the group of 

15 rated ring and R 5 is hyd: 

Z 2 - (CH 2 ) 3- , wherein R 6 ia 
hydroxy , and R 8 is ohiorc 



being 



1- -(k-- IX CS ) - tboxyctrony] 

:ttbydro- is- indole- 2 CS) 
^lv- [its) -ethoacyctrbony 
beaaaaiidopeatyl ) - (S)-eJLa 

2- — £k~ IKS) -ettooxyctrboisy 
rttbydro- 2.H- iJidole-2 CS ) 



lO (S.)-CARBQXY-5-[[ | 

PHENYL ) CARBOKYL 3 AMINO 3 PI 
OCTAHYDRO- 1H-INDOLE-2 C S > - 
El (S)-CARBOXY-5-[ [ 

PHENYl, 3 CARBONYX 3 AMINO 3 S>E 
15 OCTAEYDRC— l2-INDOI£ - 2 CS > — 

l-{N-n (S)-CARBOXY-5-[ [ (4 
CARBONYL]AMINO]PEKTO,)- CS 
1H-INDOLE-2 (S > -CARBOXYLIC 

in "fc-tte free form oar in the 
20 iri the form of its mono— oar 



25 



5 ) Process according to c 

compound is prepared, wh«*ar 
as defined in claim 1, pore 

z3 - (CH 2> 4 -' z 4 -ch 2 -, z 5 -<a 

Z 8 - (CH 2 ) 4 -, Z 9 - (CH 2 ) 4 - oar J 



FX* 

group -N - c- is pr 
(wherein B is a sat 

6) Process accordi 
compound is prepare! 
and/or Z is of the i 
and R 7 is hydrogen c 
formula XIII or XIV 
or methyl, and/or R 8 
chloro, and/or R 4 is 

7) Process accordin 
compound is prepared 

group -n - c- is the 

saturated ring and R' 
2 

Z "^2' 4"' wher ein I 
chloro, and R 4 i s ben 

l-{No-U(S)-ethoxyca 
3-sulf amoyl ) beazenesi 
octahydro-lE-indole-: 
l-lNc-fKsj-ethoxycii 
I (4 -chloro- 3-sulf amoy 
oct ahy dro- l£- indol -2 



in the fre form 
in the form of it 

8) Process accor 
compound is pr pa 
5 as defined in cla. 




-N - C- is prefera 
B is an aromatic r 
ring) , pref rably 



2 




9) Process accord! 

compound is prepare 
and/or when Z is of 
and R 7 is hydrogen 
formula XIII or XIV 
or methyl, and/or R 

chloro, and/or R 3 i 



the < 
7-(4- 
ethoa 
1,2,3 
acid 

10) 

posit, 
or phi 
define 
that a 
therap 
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(57) Nova! inhihttoM *t i . 



©Nova) inhibitor, of angiotensin converting enzyme are 
d«do«ed which nave the general formula 



"j O R, R, o 
W»-C-X.«3«U-C-C-N-C*C-IL 

whwrfn R, and/or R, form complex amides and imides 
tnwwf. X - S, 0 or NR» R, and fl, form with -N-C- a 44 
membered ring structure as described and the other R 
substmients are selected from a variety of disclosed groups. 
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Bale Icq round MoT the" Invention " 

Angl tensin c nverting enzyme (pep tidyl dipeptid 
hydrolas , h reinaft r referred to as ACE} ccupi s a 
central role in the physiology of hyp rt'ension. The nzym 
is apable of converting the d e cap ep tide angiotensin I, 
havi.ng the sequence 

Asp Arg Val Tyrll eHisProPheHi sLeu 
to an octapeptide, angiotensin II, by removal of the 1 
car boxy-terminal :His Leu. The symbols for tire foregoing 
ch mical moieties and others used throughout this application 
are explained in the following table: 



Arg 




arginlne 




A — 

Asp 




asp ar tic acid 




Boc 




t-butyloxycarbonyl 




Cbo 




car bo benzyl o xy 








pyro-L -glutamic acid 








gji ycxjie 




Hip 




Hippuric acid (Benzoyl 


-glycine) 


His 




histidine 




He 




i sol eu cine 




Leu 




leucine 




Phe- 




phenylalanine - 




Pro 




proline 




APro- 




3 , 4-d ehy drop roli ne 




Ser 




serine 




To 3 




tosyl 




Trp.. 




tryptophan.: 




Tyr 




tyrosine 




Val 




valine 




Pht 




phthaloyl 




ACE 




angiotensin converting 


enzyme 



Hepes s N-2-hydroxyethylpiperazine- 
N '-2-ethanesul foni c acid 
In each instance the symbol for any amino acid is also used 
herein at times to refer to a mono -or-di -val ent radical of 
auch acid and those of ordinary skill in the art will 
readily understand the context of each specific use. 
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* Angiotensin I i formed by "fchrer *actiarx .o f th " enzyme 
renin, an ndopeptidas found in kidn y r other tissues and 
plasma, on a serum a-2 globulin. 

Blood pressure is affected by certain peptides found 

5 in the blood. One of these, angiotensin LI.* is a powerful 
pr ssor , (blood pressure elevating) agent. Anorthe'r, brady— 
kinin r a nonapeptide with the sequence ArgProProrGlyPheSer- , * 
ProPheArg is a powerful' depressor* (blood pressure lowering.) 
agent. In. addition to a direct pressor effect/ angiotensin 

0 IT stimulates release of aldosterone which tends to elevate 
blood pressure by causing, retention' of extracellular salt - 
and fluids. Angiotensin II -is found in -measurable amount in 
the" blood of normal humans. However, it -is found at' elevated 
concentrations in the- blood of patients with renal hyper— 

5 tension. 

The: level of ACE activity is o-r din aril y in excess , in 
botfr normal "and- hypertensive htrmans, of the amount needed t 
maintain observed levels of angiotensin II. However ,* it has 
'been found that significant blood pressure lowering is 

Itl achieved in hypertensive patients by treatment with ACE 
inhibitors. [Gavras, X'. et al . r New' Engl^' *3V KedV "291V 
817 C1974>3- - - * 

ACET.is a r peptidyldipep tide hydrolase. It catalyzes th 
hydr lysis of thre penultimate peptide bond at the C— terminal 

15 ' end of a variety of acylated trip ep tides and larger poly- 
peptides having an unblocked' a-carboxyl Igroup. The action of 
ACE results in hydrolytie cleavage of the. penultimate peptide 
b nd from the' carboxyl - terminal 'end yielding .as reajction 
products a dipep tide and a remnant. 

50 The reactivity of the enzyme varies markedly depending 

nf. the substrate. At least one -type of peptide* bond, having 
the nitrogen* supplied by proline, is not hy'drolyzed at all. 
Thfe- apparent 'Michaelis constant (Km) varies from* substrate 
to substrate over several orders of magnitvd . For general 

55 discussion of the kinetic par am t rs of nzym catalyzed 

r actions, see Lehninger, A., B i och emi stry , 2nd. Ed., Worth 
Publishers, Inc., New York, 1975, pp. 189—195. Many pep- 
tides which are called inhibitors of the enrynfaticr conversion 
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nglot'ensin I t " angiotensin -II are in -fact eubstrab 3 
ng a lower Km than angiotensin I. Such peptides ar more 
erly termed competitive substrates. - Exampl- *s of comp t- • 
e substrates ioclude bradykinin, and the peptide BP p 5 a 
o called SQ20475) from snake venom, whose sequence 
luLysTrp Al apro * 

Num r us synthetic peptide derivatives have 'been shown 
e ACE inhibitors by Ondettt, efc al ^ in U*SV patent 
2,337 issued .August 27, 1974* 

Th - role of ACE in the pathogenesis of hypertension 
prompted a search, for inhibitors of the" enzyme that * 
d act as . antihypertensive, drugs. See for example U~S* 
nts 3, 891 9 m 6V6.# 3,947/575, 4,052,-511. and 4,053,651* A, 
ly. eff ctive inhibitor, with high biological activity 

orally administered, is D— 3— mercap to- 2 - nrst h yl p rop'a no yl- * 
olin . designated SQ14225, or "captopril" disclosed in 

patent '4,046,889 to Qndefcfci et -alV, issued September 
977 and in scientific articles by Xushinan, 0*W-* et -al*. * 
hemistry 1 6y : 5484 C1977), and by Ondetti, M. et al * , 
rroe ^""4*41 .(1977). The inhibitor SQ14225 reportedly 

an I 5Q value, of 2.3 x. 10* ff M*. The Z 5Q value reported by 
"man,, et ai. , supra is the concentration of inhibitor 
ired to produce 5D2t inhibition of the enzyme under a 
tdard assay system containing substrate at a level' 'sub — 
iti-all'y- above K • It will be understood that I 5Q values 
directly comparable when, all potential factors affecting 
*r action are kept constant* These factors include the 
:ce. of enzyme,, its purity, the substrate used and its 
rentration, and the composition of the assay buffer. All 
data reported herein, have been performed with the same 
ay system and same enzyme (human urinary ACE)* and with 

same 1 "vel of substrate and are therefore internally — 
si stent * 

The mode of action of SQ14225 has been based upon a 
el :of the* active site of ACE de'v loped by analogy with 
better known. related enzym , car boxypep ti dase A. The 
Lve site was postulated to have a cationic sit for 
ding .the* carboxyl end group of the substrate and a 



i 
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fc -or cleft capable f binding th sid 'chaiir of th 

minal "amino acid and providing sp ei all y 'tight bind- 
or .tlr h terocyclic ring .or a H&*m±rtaX proline - 
ue_ A similar pock t for the. p nuitimat aodn acid 
Lie was postulated, and the published data suggested a 
r stringent steric requirement, since the O— farm of the 
Ltor was substantially more potent than its stereo-' - 
r r the 3— methyl and u nsu bstittrtect "analog's . ' The - 
/dpyl group on the inhibitor, postulated to be bound* 
». active site near- the catalytic "center, was believed 
ay a central role in.i nactiv atio r> of the- enzyme by 
ning with the zinc moiety known to be essential for 
ITtic activity. Substituants on the sulfhydryl, such as 
"»y* «P»: and a S— acetyl derivative substantially 

sd p fancy of the inhibitor.: See Cushman, D.W., at al . , 
ami stry -supra. 

En' virtrro" 'study of" the mechanism by which SQ1 4.225 and 
lalogs act to inhibit ACE has been somewhat hampered by * 

* s t a D;ii ifc y °f these molecules under ambient' conditions;, 
cample:,' it has been observed that a fresh aqueous 

.on of concentration, e.g., T ng per ml of Sai4225 at 
lf about -8 becomes su b3tantiall'y less- activ & upon*' 
.ng f r as little as 30 minutes, and that activity 
lues to decrease as the solution stands for longer 
Es - ' It i» believed that this loss in activity is" 

* the result of dimerization of SQ14Z25 occurring at 
lfhydrylend groups, whereby a di sulfide is formed 
Xs largely inactive as an inhibitor.- Since the free 
f dryl" group is highly reactive and may be readily * 
.ed to polar acidic moieties such as sulfone and 

ide groups, it may also "be that the" observed in" vitro' ' 
f activity of aqueous solutions of SQ1 4 225 on standing 
some part a consequence of one or* more such " 

i-an reactions, with formation of a sulfa ne or" sulf- 
which do s not fumction effectively as an inhibitor 
E- 

uch reports of Sqi 4^225 clinical testing as, are 

tly" avail a bl , some of which refer to the compound under 
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ril" of "Capoten", suggest that the product 
stable xix the normal gastric and intestinal 
most patients t b an effective inhibitor 
nistered o rally - It is not yet clear, how- 
ere may be a group of patients Tor which 
antially ineffective. Because of the high 
* free sul fhydryl group 9 SQ14225 could 
ed disulfides with serum, cellular proteins, - 
c free suihydryl group -co nt ai ni ng substances 
r int stinal environments, in addition to 
For dimer formation or oxidative degradation 
ced disulfide with protein may be antigenic 
lional. allergic, reactions have been clinically 
KV.ras,,et al. r New Engl antf 3 - Med ^ * 29B" . 991 
Jes and oxidative degradation products of 
sd ^ may at best be expected to be largely 
ihlbitors*. It 'may be postulated accordingly 
le to SQ14225 may vary "with conditions of 
id among individual patients. Moreoever, in 
lents, unwanted side effects may occur and 
i effective concentration of the inhibitor ' 
►e difficult to control"—" 

cts of SQ14225 in man include fevers and 

supra ) _ Hoorntje et al*", The Lancet , - 
r 8tt) d scribe the performance, of renal 
tients treated with SQ14225. All* biopsies 
f* immune complex deposition along the 
nt in inbranes, although 9 of 1 J patients 

at th time of the biopsy ~ These authors 
milarities of their findings; with those 
r drug with a free mercapbo group", D— p enicill"- 

to "devise better i nhi'bi tors of angiotensin - 
that are more stable than captop'ril and 
duce D-penicillamin -like adverse' effects, 
repared a series of compounds having side 
nalogous to an effective substrate for the 
he-Ala-Pro and disclosed them in copending 



X 
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Sar. No. 3 87992 filed Bepberab r 17, 1980. 
e th class or carboxyal kyl dip ep tides 
L sed in European published application of 
published on r about Ju ne 25, 1980. 
Lon defines compounds su ch as N — C L-1-carborxy- 
ropyl 3D ,L-Ala-L-Pro, N^[L-1 -carboxy-3-(-carbo- : 
3pyll-D f L-Ala-L-Pfo f and analog's i'«e"«, 
ss of M-Clawer al kyl ene ) Ala-Pro • These two 
were found to be unexpectedly" effective in 
bensin converting enzyme, i n: -vitro*, that is 

low r 5 fc a , in the order of -ttt~*M. In contrast: 
relat d analog of the two named compounds, i.e., 
-(carbopyrrolide) ethyl] — Q , L— Al a— Pro , was 
nu ch higher 1 5Q , in the" order, of 10" 7 M» a 
Ltor likely to be -too iow' for anti-hyper- - 
snesa. Xt is believed, therefore,* that 
s of N— (lower al kyl ene ) -Al a - Pro and related 
ipredi ctabl e effects on angiotensin conYerting*.* 

P the removal of iodine from N — C L— 1 — car boxy — 3 — 

Lide)p rap yl 1 — O , L— Al a— L— Pro increases intra — 

-ress three-fold, an unexpectedly large 

2 in vivo' effect of the' anti — h yp ertenai v e 

s invention. Hence, amides and imides of 

s->— 1>, I_— Al a— Pro and related compounds are hew 

□Lsing .effectiveness in lowering blood 

since the compounds of this invention* do not - 
;fhydryl "group. " of SQ14225 , they are most 
ale and' have- durations of action, much longer 
^225. Thus, inhibitor's" of this invention - 
-resting hypertension' with less frequent 

than required for SQ14225 and may be capable - 
"L und r less rigorously con'trrollled conditions. 
"T "o f the* invention 

l tors of ACE are disclosed which base the 




T _ 

ox- alk xybenzyl i n whi cP Q&cf^ 3l/h<&>< 

ph ercox yph enyl , phenoxybenzyl , 

o xyp h e nyl or- a fchi o fch er anal g of 

wH e r*ei r> r» =■ O — and B = H 

roup , or arc — SB anal o g fch ereo f=* ; 
(CH 2 ) p COSZ wherein p = O — 3 and 



• 1 — 5 carbon al kyl group , or- a. r» 
y a c= c ep fc a hi & s 



CH 3 or -<CH 7 ) T , — CH — 



-CCTSi^)^ - C2I - CH 3 



II 

o 



4. a rid Z each have fch 



/ 



H - or HS — C CH_ > - CH - 

z n 

*~» ayl , thi enyl or a 1 — 3 carbon 

C (CH 3 ) 2 - , HS - .(CH 2 ) n - C(CH 3 ) 2 - , 
c C CHj ) ^ — .«=> r — p — me reap toph an yJL — 
n n has -the same signi f'icance as 

^eayl — (CH 2 ) n — CH £ — or p— hydroxy— 
herein the phenyl ring has one or* 
fcu e n fcs and rt has the same si g ni f±. — 

OH SH 

CH - .or CH_ (CH 2 ) n - CH _ wherein 
ce as above r 
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or N0 2 - alkylene containing one 
tuent and having 1-6 carbon 



rcapto-phen xyb nzyl; 



Q 
it 



(CH 2 ) n -, ZS-(CH 2 ) q - C - ,(CH 2 ) n 
0 

NQ 2 (CH 2 ) q - C - (CH 2 ) n 

0 

NH 2 NH - (CH 2 ) q . C - (CH 2 ) n - 
0 0 
, ZA - C - (CH 2 > q - C - (CH 2 ) n - 

" H t\ " w - r in q = 1 - -5 and n 
ie same significance as above; 
)H 

:H - (CH,) n • 

2 n ' / 

0 

NH 2 -(CH 2 ) q J £ H - (GH 2 ) n 



" CCH l>n 

OH 

ZS - (CH 2 ) q - CH - (CH 2 ) n -, 



n. ' 

same significance as above; 
0 

- C - (CH 2 ) n G - NH (CH 2 ) - 
0 

» 



C - (CH,) n -, 
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ese structures ©ay b 




anidino and that. -any of 
li substituted with- -0H ; , 
on of two of this group 

y be H, an alkyl igroup 
ter m i* ty hydrolyzable 
t -OH, or an ionically 
cceptable nontoxic salt; 
droxymethyl, arainomethyl 

*yl» hydroxyroethyl ,* 
sthyr," mercaptomethyl, 
ihoxycarbonylmethyl , 

CH 2 aCH-CH 2 -; isobutyl, . 
lydroxyalkyl !of 2 -J 
imido, acetamido, 
ilkyl ne group has 1-4 
kylene wherein the 

isoalkyl he group 
9 alkanoyl amine of 1 - 5 
f ph nylaraih / alkyl - 

e general .formula 



ranched chain alkyl of 
cylcycloalkylalkyl ene. 



it :bei 

' nonosu 

CI/ Br 

-SCH^ 
5 guanid 
, fch 5- 

«V a, 

of sub 

1Q of 1-3 
und r i 
b nd d 

R. 

• i 

or mere 
15 R fi 
amin me 
mefchoxy 
yanome 
m rcapt 
20 carbon 
phthalo 
caxb a 
alkyl g 
contain 
25 carb ris 
amine o 
and 

A. 



30 wherein 

• 

1-6 cart 

or al'k" 



